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@ Preface 


The sixth edition of Introductory Algebra: An Applied Approach provides mathe- 
matically sound and comprehensive coverage of the topics considered essential 
in an introductory algebra course. The text has been designed not only to meet 
the needs of the traditional college student, but also to serve the needs of return- 
ing students whose mathematical proficiency may have declined during years 
away from formal education. 


In this new edition of Introductory Algebra: An Applied Approach, we have con- 
tinued to integrate some of the approaches suggested by AMATYC. Each chapter 
opens by illustrating and referencing a mathematical application within the 
chapter. At the end of each section there are “Applying the Concepts” exercises 
that include writing, synthesis, critical thinking, and challenge problems. At the 
end of each chapter there is a “Focus on Problem Solving” that introduces stu- 
dents to various problem-solving strategies. This is followed by “Projects and 
Group Activities” that can be used for cooperative learning activities. 





NEW! Changes to this Edition 
In response to user requests, Chapter 7, Linear Equations in Two Variables, now 
includes a discussion of parallel lines. 


In Chapter 8, Systems of Equations, the discussion of solutions of systems of 
equations has been expanded and improved. This development should lead to 
greater student understanding of dependent, inconsistent, and independent sys- 
tems of equations. | 


In Chapter 10, Radical Expressions, square roots are simplified by using perfect 
squares rather than by using prime factorization. Therefore, rather than writing 
a radicand of 20 as 2? times 5, 20 is written as the product of 4 and 5, an 
approach that better mirrors what the student is thinking mentally when simpli- 
fying radical expressions. 


Concept-based writing exercises have been added at the beginning of many of the 
objective-specific exercise sets. These exercises require a student to verbalize 
basic concepts presented in the lesson. These are the concepts that the student 
must have an understanding of before attempting any exercises. For example, at 
the beginning of the exercises for Objective 7.3B, on finding the slope of a 
straight line, is the question, “What is the difference between a line that has zero 
slope and one whose slope is undefined?” 


Many of the exercise sets now include developmental exercises, the intent of 
which is to reinforce the concepts underlying the skills presented in the lesson. 
For example, in Chapter 10, Radical Expressions, the student is asked, “Which of 
the numbers 2, 9, 20, 25, 50, 81, and 100 are not perfect squares?” 


Throughout the text, data problems have been updated to reflect current data 
and trends. These application problems will demonstrate to students the variety 
of problems in real life that require mathematical analysis. Instructors will find 
that many of these problems may lead to interesting class discussions. 


Another new feature of this edition is AJM for Success, which explains 
what is required of a student to be successful and how this text has been 
designed to foster student success. AIM for Success can be used as a lesson on 
the first day of class or as a project for students to complete to strengthen their 
study skills. There are suggestions for teaching this lesson in the Jnstructor's 
Resource Manual. 


x 


Preface 


Related to AIM for Success are Prep Tests which occur at the beginning of each 
chapter. These tests focus on the particular prerequisite skills that will be used in 
the upcoming chapter. The answers to these questions can be found in the 
Answer Appendix along with a reference (except for Chapter 1) to the objective 
from which the question was taken. Students who miss a question are encour- 
aged to review the objective from which the question was taken. 


The Go Figure problem that follows the Prep Test is a puzzle problem designed to 
engage students in problem solving. 
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Chapter Opening | 
Features 

















NEW! Chapter Opener 


New, motivating chapter opener photos and 
captions have been added, illustrating and 
referencing a specific application from the 


chapter. 
Wy 
“yy at the bottom of the page lets 


ee 





students know of additional on-line resources 
at math.college.hmco.com/students. 


Objective-Specific Approach 

Each chapter begins with a list of learning 
objectives which form the framework for a 
complete learning system. The objectives are 
woven throughout the text (i.e. Exercises, Prep 
Tests, Chapter Reviews, Chapter Tests, 
Cumulative Reviews) as well as through the 
print and multimedia ancillaries. This results in 
a seamless learning system delivered in one 
consistent voice. 






Real data does not provide just the past and present 
conditions of a situation; it can also give a possible glimpse 
into the future. Tables and graphs are used to analyze data 
Over many years and reveal certain trends. If graphed data 
points fall in a straight line, then a linear model, like the one 
shown in Exercise 15 on page 364, can be determined and 
used to estimate possible future data points. For example, 
annual college tuition may approximate a linear model; this 
information can be used to plan for future college tuition and 
to save accordingly. 
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Page 315 





{00 as a decimal. 2. Write ; as a percent. 






valuate 3x? — 4x — 1 when x = —4. . Simplify: R — 0.35R 


banal 





. Simplify: 6x — 3(6 — x) 





NEW! Prep Test and Go Figure 


Prep Tests occur at the beginning of each 
chapter and test students on previously 
covered concepts that are required in the 
coming chapter. Answers are provided in the 
Answer Appendix. Objective references are 
also provided if a student needs to review 
specific concepts. 





. Translate into a variable expression: “The dif- 
ference between 5 and twice a number”. 





. A board 5 ft long is cut into two pieces. If x 
represents the length of the longer piece, 
write an expression for the shorter piece in 
terms of x. 








The Go Figure problem that follows the Prep 
Test is a playful puzzle problem designed to 
engage students in problem solving. 


How can a donut be cut into 8 equal pieces with three cuts of a knife? 
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92 Chapter 3 / Solving Equations 


In most cases, you should write the percent as a decimal before solving the basic 
percent equation. However, some percents are more easily written as a fraction. 
For example, 


Lye Gps 16% eo s34% => 
oh oa 2p = Bp ws = =% == 
ae poe emes 3016 TG 
eee 6 Ee Try It 6 
12 is 334% of what number? 18 is 16=% of what number? 
Solution Your solution 
P-B=A 
1 1 1 
Be = 12 . 333% =a 
5B = eP 0 
3 = 
B=36 ; > 
12 is 33% of 36, 
aes 7 You Try It 7 
gy, In a recent year, 238 U.S. airports =, The total revenue for all football bowl 
collected $1.1 billion in passenger taxes. games in 2000 was approximately 
Of this amount, $88 million was spent on noise $158.3 million. Of that amount, the Big Ten 
reduction. What percent of the passenger taxes conference received $22.45 million. What 
collected was spent on noise reduction? percent of the total revenue did the Big Ten 


conference receive? Round to the nearest 
tenth of a percent. (Source: San Diego 
Union-Tribune, January 18, 2001) 


Strategy Your strategy 
To find the percent, solve the basic percent 
equation using B = 1.1 billion = 1,100 million 
and A = 88 million. The percent is unknown. 











You Try It 7 


Strategy _ To find the percent, solve the basic 
percent equation using B = 158.3 
million and A = 22.45 million. The 


ts reserved. 























Solution percent is the unknown. 
PB A Solution P-B=A 
P(1,100) = 88 P(158.3) = 22.45 
P(,100) _ _88 P(158.3) _ 22.45 
1,100 1,100 158.3 158.3 
P = 0.08 


P = 0.14181933 


8% of the passenger taxes collected was spent 


The Big Ten conference received 
on noise reduction. 


14.2% of the 2000 football bowl 


revenues, 


Pages 92 and S4 


INSTRUCTOR NOTE 

See the /nstructor’s Resource 
Manual or Class Prep CD for 
suggestions on how to teach 
this lesson. 


Motivation 
; TAKE NOTE 
_ Motivation alone will 


‘ not lead to success. For 


_ is placed in a boat, 


NEW! AIM for Success Student Preface | pet, 


taken out to the middle 


This new student ‘how to use this book’ preface Poraarer ann anen 


» thrown overboard. That 


explains what is required of a student to be | WEORER aN 


| motivation but there 
successful and how this text has been designed to Perm roy 
foster student success, including the Aufmann Bee nee 
Interactive Method (AIM). A/M for Success can be 
used as a lesson on the first day of class or as a 
project for students to complete to strengthen their Commitment 
study skills. There are suggestions for teaching this 


lesson in the /nstructor’s Resource Manual. 


desire to learn but is not — 


| the same as learning. 


ghton Mifflin Company. All rights reserved. 





The “| Can't Do 
Math” Syndrome 


=) 
c 
s) 


Aufmann Interactive 
Method (AIM) 


An Interactive Approach 
Introductory Algebra: An Applied Approach 


uses an interactive style that provides a student 


with an opportunity to try a skill as itis 
presented. Each section is divided into 
objectives, and every objective contains one or 
more sets of matched-pair examples. The first 
example in each set is worked out; the second 
example, called “You Try It,” is for the student 
to work. By solving this problem, the student 
actively practices concepts as they are 
presented in the text. 


There are complete worked-out solutions to 
these examples in an appendix. By comparing 
their solution to the solution in the appendix, 
students obtain immediate feedback on, and 
reinforcement of, the concept. 


Page xxiii 


AIM for Success 


Welcome to Introductory Algebra: An Applied Approach. As you begin this course, 
we know two important facts: (1) We want you to succeed. (2) You want to suc- 
ceed. To do that requires an effort from each of us. For the next few pages, we 
are going to show you what is required of you to achieve that success and how 
you can use the features of this text to be successful. 


One of the most important keys to success is motivation. We can try to motivate 
you by offering interesting or important ways mathematics can benefit you. But, 
in the end, the motivation must come from you. On the first day of class, it is easy 
to be motivated. Eight weeks into the term, it is harder to keep that motivation. 


To stay motivated, there must be outcomes from this course that are worth your 
time, money, and energy. 


List some reasons you are taking this course. 











Although we hope that one of the reasons you listed was an interest in mathe- 
matics, we know that many of you are taking this course because it is require: 
to graduate, it is a prerequisite for a course you must take, or because it is 
required for your major. Although you may not agree that this course is neces- 
sary, itis! If you are motivated to graduate or complete the requirements for your 
major, then use that motivation to succeed in this course. Do not become dis- 
tracted from your goal to complete your education! 


To be successful, you must make a committment to succeed. This means devot- 
ing time to math so that you achieve a better understanding of the subject. 





List some activities (sports, hobbies, talents such as dance, art, or music) that 
you enjoy and at which you would like to become better. 


ACTIVITY TIME SPENT TIME WISHED SPENT 











Thinking about these activities, put the number of hours that you spend each 
week practicing these activities next to the activity. Next to that number, indicate 
the number of hours per week you would like to spend on these activities. 


activity you enjoy, note how many hours a week you spend doing it. To succeed 
in math, you must be willing to commit the same amount of time. Success 
requires some sacrifice. 


Whether you listed surfing or sailing, aerobics or restoring cars, or any other 


There may be things you cannot do, such as lift a two-ton boulder. You can, how- 
ever, do math. It is much easier than lifting the two-ton boulder. When you first 
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es Focus on Problem Solving 


Trial-and-Error The questions below require an answer of always true, sometimes true, or never 

Approach to true. These problems are best solved by the trial-and-error method. The trial- 
Problem Solving and-error method of arriving at a solution to a problem involves repeated tests 
or experiments. 





Focus on Problem Solving 


At the end of each chapter is a Focus on 
Problem Solving feature which introduces the 
student to various successful problem-solving 
strategies. Strategies such as drawing a 
diagram, applying solutions to other problems, 
working backwards, inductive reasoning, and 
trial and error are some of the techniques that 
are demonstrated. 










For example, consider the statement 






Both sides of an equation can be divided by the same num- 
ber without changing the solution of the equation 










The solution of the equation 6x = 18 is 3. If we divide both sides of the equation 
by 2, the result is 3x = 9 and the solution is still 3. So the answer “never true” has 
been eliminated. We still need to determine whether there is a case for which the 
statement is not true. Is there a number that we could divide both sides of the 
equation by and the result would be an equation for which the solution is not 3? 







If we divide both sides of the equation by 0, the result is ” = 8 the solution of 





this equation is not 3 because the expressions on either side of the equals sign 
are undefined. Thus the statement is true for some numbers and not true for 0. 
The statement is sometimes true. 












Determine whether the statement is always true, sometimes true, or never true. 





1. Both sides of an equation can be multiplied by the same number without 
changing the solution of the equation. 







. For an equation of the form ax = b, a #0, multiplying both sides of the 
equation by the reciprocal of @ will result in an equation of the form 
x = constant. 







. The Multiplication Property of Equations is used to remove a term from one 
side of an equation. 







. Adding —3 to each side of an equation yields the same result as subtracting 
3 from each side of the equation. 






. An equation contains an equals sign. 







6. The same variable term can be added to both sides of an equation without 
changing the solution of the equation. 


y. All rights reserved, 





7. An equation of the form ax + b =c cannot be solved if a is a negative 
number. 







. The solution of the equation 4 = 0is 0. 






. For the diagram at the left, 2b = 2d = Ze = Zg. 













10. In solving an equation of the form ax + b =cx +d, subtracting cx from 
each side of the equation results in an equation with only one variable term 
in it. 


30 Chapter 1 / Real Numbers 


Objective E To solve application problems 


One of the applications of percent is to express a portion of a total as a percent. 
For instance, a recent survey of 450 mall shoppers found that 270 preferred the 
mall closest to their home even though it did not have the same variety of stores 
as a mall farther from home. The percent of shoppers who preferred the mall 
closest to home can be found by converting a fraction to a percent. 
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Portion preferring mall closest to home _ 270 









Total number surveyed 450 
= 0.60 = 60% 
According to the Congressional Budget Office, the U.S. federal budget surplus in 
2000 was $232.3 billion. The number 232.3 billion means 
232.3 X 1,000,000,000 = 232,300,000,000 


EE ey 
1 billion 










Problem-Solving Strategies 


The text features a carefully developed 
approach to problem-solving that emphasizes 


Numbers such as 232.3 billion are used in many instances because they are easy 
to read and offer an approximation to the actual number. Such numbers are used 
in Example 13 and You Try It 13. 












Example 13 


The circl hh shows the top five web r The bar graph below shows the projected j . 
3 spines ee of ie number of " retail sales of e-books through 2005. Find th € Impo rtance of stra tegy when solvi ng 
unique visitors during one week in the year the difference between projected e-book sales p ro ble ms. Stu d ents are encoura g ed to d eve | 0 p 






2000. What percent of the visitors accessed the in 2005 and in 2002. 
Yahoo! site? Round to the nearest tenth of a 
percent. 






their own strategies—to draw diagrams, to 
write out the solution steps in words—as part 
of their solution to a problem. In each case, 
model strategies are presented as guides for 
students to follow as they attempt the “You Try 
It” problem. Having students provide strategies 
is a natural way to incorporate writing into the 
math curriculum. 







2.9 million 












$.04 2— 
2000 2001 2002 2003 2004 2005 
Source; Andersen Consulting, Wall Street Journal, June 21, 2000. 














Source: Media Metrix, March 2000 
Strategy Your strategy 








To find the percent of web visitors who é 
accessed Yahoo!: H 
* Find the total number of visitors to the top S 

five web sites. a 
* Divide the number of people who visited 2 

Yahoo! (4.8 million) by the total number of 5 

visitors. a 
Solution Your solution s 
6.0 + 4.8 + 4.7 + 3.3 + 2.9 =21.7 = 
48 _ a “ 2 
a7” 0.221 = 22.1% 







Copyright 





Of the top five web sites, 22.1% visited Yahoo! 


. . ion on p. S2 
during the given week. Solution on p 



















he Chapter 1/ Real Numbers 


To solve application problems 


Positive and negative numbers are used to express the profitability of a company. 
A profit is recorded as a positive number; a loss is recorded as a negative 
number. 








= @ The bar graph below shows the net earnings of Apple Computer Corpo- 
ration for the years 1996 through 2000. Calculate the total net earnings 
for Apple Computer Corporation for the years 1996 to 2000. 


800 


400 


















200 


S 1998 1999 2000 


-200 5) 


($ millions) 


—400 


—600. 


Apple Corporation Eamings/Losses 


-800 


—1000 





~1200 


Source: Apple Computer Corporation 











Strategy 
To determine the total net earnings, add the profits and losses for the years 
1996, 1997, 1998, 1999, and 2000. 










Solution 
—816 + (—1045) + 309 + 601 + 786 = —165 


The total net earnings for 1996 to 2000 were —$165 million. 




















Example 5 ; PvP: ‘ hi Try It5 | ; 
The average temperature on Mercury sunlit __ The average daytime | temperature on Mars is 
side is 950°F. The average temperature on —17°F. The average nighttime temperature on 
Mercury's dark side is -346°F. Find the = =—- Mars is —130°F, Find the difference Shean 
difference between GES SS two average ; these two average temperatures. y 
temperatures. : ' 3 baa eh wakes aes 

; ; sit Ber wank iv eee oe SY eat 
Strategy ; ns ‘ Your strategy nee 4 (ave > 


To find the. difference, ee, ihe average 
temperature on the dark side (—346) from the 
average temperature on the sunlit side (950). 


in Company. All rights reserved. 





Solution Oa hea: i ; 
950 — (—346) = 950 + 346 SCORES: (se ene 
d Acca he | PARE Ue h 
The difference between these aver: ee ee eh 
temperatures is 1296°R. ‘ tas 











“ Objective C 


Page 12 












Real Data 
Real data examples and exercises, identified 


The table below shows the length, in centimeters, of the humerus (long 
@ bone of the forelimb, from shoulder to elbow) and the total wingspan, in 

* centimeters, of several pterosaurs, which are extinct flying reptiles of the 
order Pterosauria. Write a relation where the first coordinate is the length 
of the humerus and the second is the paneer Is the relation a function? 


The table below, based in part on data from the National Oceanic and 
@ Atmospheric Administration, shows the average annual concentration of 

atmospheric carbon dioxide (in parts per million) and the average sea sur- 
face temperature (in degrees Celsius) for eight consecutive years. Write a 
relation wherein the first coordinate is the carbon dioxide concentration 
and the second coordinate is the average sea surface temperature. Is the 
relation a function? 


Real Data and 
Applications 


Applications 


One way to motivate an interest in mathematics 
is through applications. Wherever appropriate, 
the last objective of a section presents 
applications that require the student to use 
problem-solving strategies, along with the skills 
covered in that section, to solve practical 
problems. This carefully integrated applied 
approach generates student awareness of the 
value of algebra as a real-life tool. 


Applications are taken from many disciplines 
including agriculture, business, carpentry, 
chemistry, construction, Earth science, 
education, manufacturing, nutrition, real estate, 
and sociology. 


Page 327 





















Section 7.1 / The Rectangular Coordinate System 327 





ask students to analyze and solve 





problems taken from actual situations. Students 
are often required to work with tables, graphs, 
and charts drawn from a variety of disciplines. 
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XIV 


The ratings (each rating point is 1,008,000 households) 
@ and share (the percentage of television sets in use tuned 

' to a specific program) for selected television programs 
for a week in September 2000 are shown in the table at 
the right. Write a relation wherein the first coordinate is 
the ratings and the second coordinate is the share. Is the 
relation a function? 


32. The average time it takes to commute to work in six 
(%, cities and the average number of days with some pre- 
"cipitation in those cities are given in the table at the 
right. Write a relation wherein the first coordinate is the 
average commute time and the second coordinate is 
the average number of days with some precipitation. Is 
the relation a function? 


33. Does y = —2x — 3, where 34. Does y= 2x +3, where x € {-2, —1, 1, 4}, 
x € {-2, —1,0, 3}, define y as a function define y as a function of x? 
of x? 


35. Does |y|=x— 1, where x € {1, 2, 3, 4}, 36. Does |y|=x +2, where x € {—2, -1, 0, 3}, 
define y as a function of x? define y as a function of x? 


37. Does y= <x’, where x € {—2, -1, 0, 1, 2}, 38. Does y=x* — 1, where x € {—2, -1, 0, 1, 2}, 
define y as a function of x? define y as a function of x? 
























Source: Nielsen Media Research, September 2000. 
From ytv.yahoo.com/nielsen, January 2/, 2001. 





Source; Money Magazine website, June 22, 2001. 
From www.money.com/money/depts/real_estate. 
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Student Pedagogy 





) at each objective head 


remind students that both a video and a tutorial 
lesson are available for that objective. 


Key Terms and Concepts 


Key terms, in bold, emphasize important terms. 
The key terms are also provided in a Glossary 
at the back of the text. 


Key concepts are presented in purple boxes in 
order to highlight these important concepts and 
to provide for easy reference. 


Take Note 


These margin notes alert students to a point 
requiring special attention or are used to 
amplify the concept under discussion. 


Point of Interest 


These margin notes contain interesting 
sidelights about mathematics, its history, or its 
application. 


Page 495 


> Graph y = x? — 2x — 3. 


Section 1.4 / Operations with Rational Numbers 23 


GRP. ,ecctions with Rational Numbers 


Objective A To write a rational number in a wa 
z i ney 
om ay 


i The numbers -4 
ee 

i 7) ,and 25 

i all represent the same 


} rational number, 
i 


Point of Interest 

As 5 30 A.0., the Hindu 
mathe ician Brahmagupta 
wrote a fraction as one number 


over another separated 

by a space. The Arab 
mathematician al Hassar 
(around 1050 A.D.) was the first 
to show a fraction with the 
horizontal bar separating the 
numerator and denominator. 





& 
6 











® Find several solutions of the equation. Because the 





One of the Projects and Group 
Activities at the end of this 
chapter shows how to graph a 
quadratic equation by using a 
graphing calculator. You may 
want to verify the graphs you 
draw in this section against 
those drawn by a graphing 
calculator. 
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graph is not a straight line, several solutions must be 
found in order to determine the U-shape. Record the 
ordered pairs in a table. 


i ‘ © Graph the ordered-pair solutions on a 
rectangular coordinate system. Draw a 
parabola through the points 








simplest form and as a decimal 


| TAKE NOTE | A rational number is the quotient of two integers. A rational number written in 


this way is commonly called a fraction. Here are some examples of rational 
numbers. 


Rational Numbers 


A rational number is a number that can be written in the form i where a and b are 
integers and b # 0. 


Because an integer can be written as the quotient of the integer and 1, every inte- 
ger is a rational number. For instance, 


A fraction is in simplest form when there are no common factors in the numera- 
%; Co & 4 2 + . 
tor and the denominator. The fractions a and = are equivalent fractions because 
3 
eo tOD arene 
they represent the same part of a whole. However, the fraction 3 is in simplest 


form because there are no common factors (other than 1) in the numerator and 
denominator. 


To write a fraction in simplest form, eliminate the conimon factors from the 


numerator and denominator by using the fact that 1 - : =< 


a. 
4-2 0) 2,22 
6 l-3 2 3 3° 3 


The process of eliminating common factors is usu- 
ally written as shown at the right. 


Calculator Note 


These margin notes provide suggestions for 
using a calculator in certain situations. 


Annotated Examples 





Examples indicated by => use annotations in 
blue to explain what is happening in key steps 


of the complete, worked-out solutions. 
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10.1 Exercises 

°\1. Describe in your own words how to simplify a radical expression. 

= ) 

2. Explain why 2V2 is in simplest form and V8 is not in simplest form. 
i ) 


Simplify. 


V16 4. V64 5. V49 6. V144 





9. V8 10. V12 11. 6V18 12. —3V48 


















ae 
B Find the decimal approximation rounded to the nearest thousandth. 


27. V240 28. 300 29. V288 
















According to the American Podiatric Medical Association, the bones in 


number of bones in your foot in terms of the total number of bones in 
your body. 








The diameter of a basketball is approximately 4 times the diameter of a 


a baseball. 










A cost-of-living calculator provided by HOMECARE.com shows that a 
e@ person living in New York City (Manhattan) would need twice the salary 

* of a person living in San Diego. Express the salary needed in New York 
City in terms of the salary needed in San Diego. 





APPLYING THE CONCEPTS 


68. A wire whose length is given as x inches is bent into a square. Express the 
length of a side of the square in terms of x. 


im 
+ x => 


69. The chemical formula for glucose (sugar) is CsHi20.. This formula means 
that there are 12 hydrogen atoms for every 6 carbon atoms and 6 oxygen 
atoms in each molecule of glucose (see the figure at the right). If x repre- 
sents the number of atoms of oxygen in a pound of sugar, express the 
number of hydrogen atoms in the pound of sugar. 















-,70. Translate the expressions 5x + 8 and 5(x + 8) into phrases. 
71. In your own words, explain how variables are used. 


72. Explain the similarities and the differences between the expressions “the 
a difference between x and 5” and “5 less than x.” 


Pages 449 and 74 


Projects and Group Activities 


The Projects and Group Activities feature at the 
end of each chapter can be used as extra 
credit or for cooperative learning activities. The 
projects cover various aspects of mathematics, 
including the use of calculators, collecting data 
from the internet, data analysis, and extended 
applications. 


Section 10.1 / Introduction to Radical Expressions 











15. V15 16. V21 17. V29 18. V13 19. -—9V72 


21. V45 22. V225 23. V0 24. V210 25. 6V128 


30. V600 31. V256 


@ your foot account for one-fourth of all the bones in your body. Express the 


baseball. Express the diameter of a basketball in terms of the diameter of 








Exercises and Projects 


449 





Exercises 


The exercise sets of /ntroductory Algebra: An 
Applied Approach emphasize skill building, skill 
maintenance, and applications. Concept-based 
writing or developmental exercises have been 
integrated with the exercise sets. Icons identify 


data analysis 2. 


appropriate writing © 





20. 11V80 





and calculator 





Included in each exercise set are Applying the 
Concepts that present extensions of topics, 
require analysis, or offer challenge problems. 
The writing exercises ask students to explain 
answers, write about a topic in the section, or 
research and report on a related topic. 


32. V324 


HP 
H-C¢-oH 
Ho-¢-H 
H-C¢—oH 
H-¢—oH 
CHLOH 
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a Projects and Group Activities 


Nielsen Ratings Nielsen Media Research surveys television viewers to determine the numbers of 
people watching particular shows. There are an estimated 102.2 million U.S. 
households with televisions. Each rating point represents 1% of that number, or 

Point of interest 1,022,000 households. Therefore, for instance, if 60 Minutes received a rating 
inked programsin Of 9.6, then 9.6%, or (0.096)(102,200,000) = 9,811,200 households, watched 

e for the week of that program. 

i pril15, 2004, ranked 


by Nielsen’Media Research, A rating point does not mean that 1,022,000 people are watching a program. A 
were 


SUFHORT rating point refers to the number of TV sets tuned to that program; there may be 
CSI more than one person watching a television set in the household. 
Who Wants to Be a 
Millionaire —Tuesday Nielsen Media Research also describes a program's share of the market. Share is 
Eales faymond the percent of television sets in use that are tuned to a program. Suppose the 
pee y same week that 60 Minutes received 9.6 rating points, the show received a share 
lawandionien of 19%, This would mean that 19% of all households with a television turned on 
Who Wants to Be a were tuned to 60 Minutes, whereas 9.6% of all households with a television were 


Millionaire—Sunday tuned to the program. 
Who Wants to Be a 
Millionaire—Thursday 
Judging Amy 
60 Minutes 
NYPD Blue 


1. If Law and Order received a Nielsen rating of 10.8 and a share of 19, how 
many TV households watched the program that week? How many TV house- 
holds were watching television during that hour? Round to the nearest hun- 
dred thousand. 


. Suppose Survivor IT received a rating of 16.2 and a share of 28. How many 
TV households watched the program that week? How many TV households 
were watching television during that hour? Round to the nearest hundred- 
thousand. 


. Suppose Who Wants to Be a Millionaire—Tuesday received a rating of 13.6 
during a week in which 34,750,000 people were watching the show. Find the 
average number of people per TV household who watched the program. 
Round to the nearest tenth. 
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End of Chapter 


Chapter Summary 


At the end. of each chapter there is a Chapter Chapter Summary 3 


Summary that includes Key Words and 


Key Words A quadratic equation is an equation of the form ax? + bx +c = 0, where a # 0. : 


Essential Rules th at were cove red in the ’ : A quadratic equation is also called a second-degree equation. |p.479| : 
chapter. These chapter summaries provide a Sioa ee eee 
single point of reference as the student A quadratic equation in two variables is given by y = ax? + bx + c, where a # 0. 
[p.495] : 
prepares for a test. Each concept refe rences : A quadratic function is given by f(x) = ax + bx + c, where a # 0. The graph of a : 


quadratic function is a parabola. [p.495] 


the page number from the lesson where the 
concept is introduced. 


Essential Rules The Quadratic Formula [p.491] The Square Root Property of an Equation [p.481] * 
=b + VBP — dace : 
———— If x? =a, then x = +Va. 
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Chapter Review 507 


@ Chapter Review Chapter Review 


Review exercises are found at the end of each 
1. Solve by factoring: 6x? + 13x — 28 = 0 . Solve by taking square roots: . 
49x? = 25 chapter. These exercises are selected to help 
the student integrate all of the topics presented 
in the chapter. 


3. Solve by completing the square: . Solve by using the quadratic formula: 
x +2x -24=0 x +5x-6=0 
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Chapter Test 509 


€ Chapter Test 


1. Solve by factoring: x7 — 5x —-6 =0 2. Solve by factoring: 3x? + 7x = 20 


Chapter Test 


The Chapter Test exercises are designed to 
simulate a possible test of the material in the 





chapter. 
3. Solve by taking square roots: 4. Solve by taking square roots: 
2(x — 5)? —50=0 3(x + 4) — 60=0 
Page 511 Cumulative Review 
Cumulative Review exercises, which appear at 
PR ee ie the end of each chapter (beginning with 


Chapter 2), help students maintain skills learned 
in previous chapters. 


g& Cumulative Review 


1. Simplify: 22 — 3[2x — 4G — 2x) + 2]— 3 : : : The answers to all Chapter Review exercises, 
all Chapter Test exercises, and all Cumulative 
Review exercises are given in the Answer 
2 ie BE oct ed Section. Along with the answer, there is a 
reference to the objective that pertains to each 
exercise. 
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Preface xix 


SSS SSS SSS ES SSS SSS SSS SS SSSI 
Supplements for the Instructor 


Introductory Algebra: An Applied Approach has a complete set of teaching aids for 
the instructor. 


Instructor’s Annotated Edition This edition contains a replica of the student 
text and additional items just for the instructor. These include: Instructor Notes, 
Transparency Master icons, In-Class Examples, Concept Checks, Discuss the Con- 
cepts, New Vocabulary/Symbols, etc., Vocabulary/Symbols, etc. to Review, Optional 
Student Activities, Quick Quizzes, Answers to Writing Exercises, and Suggested 
Assignments. Answers to all exercises are also provided. 


Instructor’s Solutions Manual The Instructor’s Solutions Manual contains 
worked-out solutions for all exercises in the text. 


Instructor's Resource Manual with Chapter Tests The Instructor’s Resource 
Manual contains ready-to-use printed Chapter Tests, which is the first of three 
sources of testing material. Eight printed tests (in two formats - free response 
and multiple choice) are provided for each chapter. Cumulative tests and final 
exams are also provided. These tests are available on the Class Prep CD or can be 
downloaded from our web site at math.college.hmco.com/instructors. The tests 
are in Microsoft Word® format and can be edited to suit the needs of the instruc- 
tor. The Instructor’s Resource Manual also includes a lesson plan for the AIM for 
Success. 


Printed Test Bank The Printed Test Bank, the second component of the testing 
material, offers a printout of the items in the HM Testing computerized testing 
software, including an example of each algorithmic item. All multiple-choice 
items are carefully worded to make them appropriate to use as free-response 
items also. 


NEW! HM Testing HM Testing, our computerized test generator, is our third 
source of testing material. The database contains test items and algorithms and 
is designed to produce an unlimited number of tests for each chapter of the text, 
including cumulative tests and final exams. These questions are unique to HM 
Testing and do not repeat items provided in the Chapter Tests of the Instructor's 
Resource Manual. It is available for Microsft Windows® and the Macintosh. Both 
versions provide on-line testing and gradebook functions. 


HM@ Tutorial (Instructor version) This state-of-the-art tutorial CD software 
package for Microsoft Windows® was written and developed by the authors 
specifically for use with this text. Every objective is supported by the HM? Tutor, 
exercises and quizzes are algorithmically generated, solution steps are animated, 
lessons and exercises are presented in a colorful, lively manner, and an integrated 
classroom management system tracks student performance. 


NEW! WebCT ePacks WebCT ePacks provide instructors with a flexible, 
Internet-based education platform providing multiple ways to present learning 
materials. The WebCT ePacks come with a full array of features to enrich the 
online learning experience. 


NEW! Blackboard Cartridges The Houghton Mifflin Blackboard cartridge 
allows flexible, efficient, and creative ways to present learning materials and 
opportunities. In addition to course management benefits, instructors may make 
use of an electronic grade book, receive papers from students enrolled in the 
course via the Internet, and track student use of the communication and collab- 
oration functions. 


NEW! HMClassPrep These CD-ROMs contain a multitude of text-specific 


resources for instructors to use to enhance the classroom experience. The 
resources, or assets, are available as pdf and/or customizable Microsoft Word® 
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Preface 


Supplements for the Student 


files and include transparency masters and Chapter Tests from the IRM, to name 
only a few. These resources can be easily accessed from the CD-ROM by chapter 
or resource type. The CD can also link you to the text’s web site. 


NEW! Instructor Text-specific website The resources available on the Class 
Prep CD are also available on the instructor web site at math.college.hmco.com/ 
instructors. Appropriate items will be password protected. Instructors also have 
access to the student part of the text’s web site. 





Student Solutions Manual The Student Solutions Manual contains complete 
solutions to all odd-numbered exercises in the text. 


Math Study Skills Workbook by Paul D. Nolting This workbook is designed 
to reinforce skills and minimize frustration for students in any math class, lab, 
or study skills course. It offers a wealth of study tips and sound advice on note 
taking, time management, and reducing math anxiety. In addition, numerous 
opportunities for self assessment enable students to track their own progress. 


NEW! eduSpace eduSpace is a new content delivery system, combining an 
algorithmic tutorial program, online delivery of course materials, and classroom 
management functions. The interactive online content correlates directly to this 
text and can be accessed 24 hours a day. 


HM? Tutorial (Student version) This state-of-the-art tutorial CD software 
package for Microsoft Windows® was written and developed by the authors 
specifically for use with this text. HM? is an interactive tutorial containing 
lessons, exercises, and quizzes for every section of the text—lessons are pre- 
sented in a colorful, lively manner and solution steps are animated; exercises and 
quizzes are algorithmically generated. The lessons provide additional instruction 
and practice and can be used in several ways: (1) to cover material that was 
missed because of absence from class; (2) to reinforce instruction on a concept 
that has not yet been mastered; (3) to review material in preparation for an 
examination. Following each lesson there are practice exercises for the student 
to try. These exercises are created by carefully constructed algorithms that 
enable a student to practice a variety of exercise types. Because the exercises are 
created algorithmically, each time the student uses the tutorial, the student is 
presented with different problems. Following the practice exercises there is an 





algorithmically-generated quiz. Next to every objective head in the text, the 


serves as a reminder that there is an HM? tutorial lesson corresponding to that 
objective. 


NEW! SMARTHINKING™ live, on-line tutoring Houghton Mifflin has part- 
nered with SMARTHINKING to provide an easy-to-use and effective on-line tuto- 
rial service. Whiteboard Simulations and Practice Area promote real-time 
visual interaction. 


Three levels of service are offered. 


° Text-specific Tutoring provides real-time, one-on-one instruction with a 

specially qualified ‘e-structor.’ 

Questions Any Time allows students to submit questions to the tutor out- 

side the scheduled hours and receive a reply within 24 hours. 

° Independent Study Resources connect students with around-the-clock 
access to additional educational services, including interactive web sites, 


diagnostic tests and Frequently Asked Questions posed to SMARTHINK- 
ING e-structors. ‘ 
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Preface Xxi 


NEW! Videos This edition offers brand new text-specific videos, hosted by 
Dana Mosely, covering all sections of the text. These videos, professionally pro- 
duced specifically for this text, offer a valuable resource for further instruction 
and review. Next to every objective head in the text, the serves as a 
reminder that the objective is covered in a video lesson. 





NEW! Student Text-Specific Web Site On-line student resources, such as 
section quizzes, can be found at this text’s website at math.college.hmco.com/ 
students. 
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Motivation 


Motivation alone will 
not lead to success. For 
instance, suppose a 







_ is placed in a boat, 

_ taken out to the middle 
_ of a lake, and then 

_ thrown overboard. That 
_ person has a lot of 

_ motivation but there 

_ is a high likelihood the 
_ person will drown 

_ without some help. 

_ Motivation gives us the 





_ desire to learn but is not | 


_ the same as learning. 


Commitment 


The “I Can't Do 
Math” Syndrome 


_ person who cannot swim : 


AIM for Success 


Welcome to Introductory Algebra: An Applied Approach. As you begin this course, 
we know two important facts: (1) We want you to succeed. (2) You want to suc- 
ceed. To do that requires an effort from each of us. For the next few pages, we 
are going to show you what is required of you to achieve that success and how 
you can use the features of this text to be successful. 


One of the most important keys to success is motivation. We can try to motivate 
you by offering interesting or important ways mathematics can benefit you. But, 
in the end, the motivation must come from you. On the first day of class, it is easy 
to be motivated. Eight weeks into the term, it is harder to keep that motivation. 


To stay motivated, there must be outcomes from this course that are worth your 
time, money, and energy. 


List some reasons you are taking this course. 


Although we hope that one of the reasons you listed was an interest in mathe- 
matics, we know that many of you are taking this course because it is required 
to graduate, it is a prerequisite for a course you must take, or because it is 
required for your major. Although you may not agree that this course is neces- 
sary, it is! If you are motivated to graduate or complete the requirements for your 
major, then use that motivation to succeed in this course. Do not become dis- 
tracted from your goal to complete your education! 


To be successful, you must make a committment to succeed. This means devot- 
ing time to math so that you achieve a better understanding of the subject. 


List some activities (sports, hobbies, talents such as dance, art, or music) that 
you enjoy and at which you would like to become better. 


ACTIVITY TIME SPENT TIME WISHED SPENT 











Thinking about these activities, put the number of hours that you spend each 
week practicing these activities next to the activity. Next to that number, indicate 
the number of hours per week you would like to spend on these activities. 


Whether you listed surfing or sailing, aerobics or restoring cars, or any other 
activity you enjoy, note how many hours a week you spend doing it. To succeed 
in math, you must be willing to commit the same amount of time. Success 
requires some sacrifice. 


There may be things you cannot do, such as lift a two-ton boulder. You can, how- 
ever, do math. It is much easier than lifting the two-ton boulder. When you first 


XXili 


XXIV 


AIM for Success 


Strategies for 
Success 


learned the activities you listed above, you probably could not do them well. 
With practice, you got better. With practice, you will be better at math. Stay 
focused, motivated, and committed to success. 


It is difficult for us to emphasize how important it is to overcome the “I Cant Do 
Math Syndrome.” If you listen to interviews of very successful atheletes after a par- 
ticularly bad performance, you will note that they focus on the positive aspect of 
what they did, not the negative. Sports psychologists encourage athletes to always 
be positive—to have a “Can Do” attitude. Develop this attitude toward math. 


Textbook Reconnaissance Right now, do a 15-minute “textbook reconnais- 
sance” of this book. Here’s how: 


First, read the table of contents. Do it in three minutes or less. Next, look through 
the entire book, page by page. Move quickly. Scan titles, look at pictures, notice 
diagrams. 


A textbook reconnaissance shows you where a course is going. It gives you the 
big picture. That’s useful because brains work best when going from the general 
to the specific. Getting the big picture before you start makes details easier to 
recall and understand later on. 


Your textbook reconnaissance will work even better if, as you scan, you look for 
ideas or topics that are interesting to you. List three facts, topics, or problems 
that you found interesting during your textbook reconnaissance. 





The idea behind this technique is simple: It’s easier to work at learning material 
if you know it’s going to be useful to you. 


Not all the topics in this book will be “interesting” to you. But that is true of any 
subject. Surfers find that on some days the waves are better than others, musi- 
cians find some music more appealing than other music, computer gamers find 
some computer games more interesting than others, car enthusiasts find some 
cars more exciting than others. Some car enthusiasts would rather have a com- 
pletely restored 1957 Chevrolet than a new Ferrari. 


Know the Course Requirements To do your best in this course, you must know 
exactly what your instructor requires. Course requirements may be stated in a 
syllabus, which is a printed outline of the main topics of the course, or they may 
be presented orally. When they are listed in a syllabus or on other printed pages, 
keep them in a safe place. When they are presented orally, make sure to take 
complete notes. In either case, it is important that you understand them com- 
pletely and follow them exactly. Be sure you know the answer to each of the fol- 
lowing questions. 


1. What is your instructor’s name? 

Where is your instructor's office? 

At what times does your instructor hold office hours? 

Besides the textbook, what other materials does your instructor require? 
What is your instructor's attendance policy? 


If you must be absent from a class meeting, what should you do before 
returning to class? What should you do when you return to class? 


OVE ga a 
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celine 


rerenomaent 
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TAKE 


Besides time 
management, there 
must be realistic ideas 
of how much time is 
available. There are very 
few people who can 
successfully work full- 
time and go to school 
full-time. If you work 

40 hours a week, take 
15 units, spend the 
recommended study 
time given at the right, 
and sleep 8 hours a day, 
you will use over 80% of 
the available hours in a 
week. That leaves less 


than 20% of the hours in / 
a week for family, friends, _ 


| eating, recreation, and 
' other activities. 


AIM for Success XXV 


7. What is the instructor's policy regarding collection or grading of homework 
assignments? 


8. What options are available if you are having difficulty with an assignment? 
Is there a math tutoring center? 


9. If there is a math lab at your school, where is it located? What hours is it open? 
10. What is the instructor's policy if you miss a quiz? 

11. What is the instructor's policy if you miss an exam? 

12. Where can you get help when studying for an exam? 


Remember: Your instructor wants to see you succeed. If you need help, ask! Do 
not fall behind. If you are running a race and fall behind by 100 yards, you may 
be able to catch up but it will require more effort than had you not fallen behind. 


Time Management We know that there are demands on your time. Family, 
work, friends, and entertainment all compete for your time. We do not want to 
see you receive poor job evaluations because you are studying math. However, it 
is also true that we do not want to see you receive poor math test scores because 
you devoted too much time to work. When several competing and important 
tasks require your time and energy, the only way to manage the stress of being 
successful at both is to manage your time efficiently. 


Instructors often advise students to spend twice the amount of time outside of 
class studying as they spend in the classroom. Time management is important if 
you are to accomplish this goal and succeed in school. The following activity is 
intended to help you structure your time more efficiently. 


Seen SSE eS SS 


List the name of each course you are taking this term, the number of class hours 
each course meets, and the number of hours you should spend studying each 
subject outside of class. Then fill in a weekly schedule like the one printed below. 
Begin by writing in the hours spent in your classes, the hours spent at work (if 
you have a job), and any other commitments that are not flexible with respect to 
the time that you do them. Then begin to write down commitments that are 
more flexible, including hours spent studying. Remember to reserve time for 
activities such as meals and exercise. You should also schedule free time. 








eat Ces = Monday Tuesday | Wednesday | Thursday Friday Saturday Sunday 


(Seale 











8-9 a.m. 





9-10 a.m. 


O= hikari, 





2-3 p.m. 


11-12 p.m. 
12-1 p.m. 






































3-4 p.m. 











4-5 p.m. 








5-6 p.m. 





6-7 p.m. 











7-8 p.m. 





8-9 p.m. 








9-10 p.m. 














10-11 p.m. 











i= i2eaenne 
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XXVI AIM for Success 


Text Features That 
Promote Success 


We know that many of you must work. If that is the case, realize that working 10 
hours a week at a part-time job is equivalent to taking a three-unit class. If you 
must work, consider letting your education progress at a slower rate to allow you 
to be successful at both work and school. There is no rule that says you must fin- 
ish school in a certain time frame. 


Schedule Study Time As we encouraged you to do by filling out the time man- 
agement form above, schedule a certain time to study. You should think of this 
time the way you would the time for work or class—that is, reasons for missing 
study time should be as compelling as reasons for missing work or class. “I just 
didn’t feel like it” is not a good reason to miss your scheduled study time. 


Although this may seem like an obvious exercise, list a few reasons you might 
want to study. 











Of course we have no way of knowing the reasons you listed, but from our expe- 
rience one reason given quite frequently is “To pass the course.” There is nothing 
wrong with that reason. If that is the most important reason for you to study, 
then use it to stay focused. 


One method of keeping to a study schedule is to form a study group. Look for peo- 
ple who are committed to learning, who pay attention in class, and who are punc- 
tual. Ask them to join your group. Choose people with similar educational goals 
but different methods of learning. You can gain insight from seeing the material 
from a new perspective. Limit groups to four or five people; larger groups are 
unwieldy. 


There are many ways to conduct a study group. Begin with the following sug- 
gestions and see what works best for your group. 


1. Test each other by asking questions. Each group member might bring two or 
three sample test questions to each meeting. 


2. Practice teaching each other. Many of us who are teachers learned a lot about 
our subject when we had to explain it to someone else. 


3. Compare class notes. You might ask other students about material in your 
notes that is difficult for you to understand. 


4. Brainstorm test questions. 


5. Set an agenda for each meeting. Set approximate time limits for each agenda 
item and determine a quitting time. 


And finally, probably the most important aspect of studying is that it should be 
done in relatively small chunks. If you can only study three hours a week for this 
course (probably not enough for most people), do it in blocks of one hour on 
three separate days, preferably after class. Three hours of studying on a Sunday 
is not as productive as three hours of paced study. 


There are 11 chapters in this text. Each chapter is divided into sections, and each 


section is subdivided into learning objectives. Each learning objective is labeled 
with a letter from A to E. 
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Preparing for a Chapter Before you begin a new chapter, you should take 
some time to review previously learned skills. There are two ways to do this. The 
first is to complete the Cumulative Review, which occurs after every chapter 
(except Chapter 1), For instance, turn to page 253. The questions in this review 
are taken from the previous chapters. The answers for all these exercises can be 
found on page A11. Turn to that page now and locate the answers for the Chapter 5 
Cumulative Review. After the answer to the first exercise, which is 7 you will see 
the objective reference [1.2B]. This means that this question was taken from 
Chapter 1, Section 2, Objective B. If you missed this question, you should return 
to that objective and restudy the material. 


A second way of preparing for a new chapter is to complete the Prep Test. This 
test focuses on the particular skills that will be required for the new chapter. Turn 
to page 206 to see a Prep Test. The answers for the Prep Test are the first set of 
answers in the answer section for a chapter. Turn to page A9 to see the answers 
for the Chapter 5 Prep Test. Note that an objective reference is given for each 
question. If you answer a question incorrectly, restudy the objective from which 
the question was taken. 


Before the class meeting in which your professor begins a new section, you 
should read each objective statement for that section. Next, browse through the 
objective material, being sure to note each word in bold type. These words indi- 
cate important concepts that you must know in order to learn the material. Do 
not worry about trying to understand all the material. Your professor is there to 
assist you with that endeavor. The purpose of browsing through the material is 
so that your brain will be prepared to accept and organize the new information 
when it is presented to you. 


Turn to page 3. Write down the title of the first objective in Section 1.1. Under 
the title of the objective, write down the words in the objective that are in bold 
print. It is not necessary for you to understand the meaning of these words. You 
are in this class to learn their meaning. 














Math is Not a Spectator Sport To learn mathematics you must be an active 
participant. Listening and watching your professor do mathematics is not 
enough. Mathematics requires that you interact with the lesson you are studying. 
If you filled in the blanks above, you were being interactive. There are other ways 
this textbook has been designed to help you be an active learner. 


Annotated Examples An orange arrow indicates an example with explanatory 
remarks to the right of the work. Using paper and pencil, you should work along 
as you go through the example. 





XXVill AIM for Success 
2) 
SS 2S iI) 
4 


Ss 
—x=—-9 
4 
4 3 4 
Spa (9) 
3 4 &D) 
x= —-12 


[TAKE NOTE | 


_ There is a strong 

_ connection between 

_ reading and being a 
_ successful student in 


_ math or any other subject. 


_ Ifyou have difficulty 
_ reading, consider taking 


_ a reading course. Reading 


_ is much like other skills. 
_ There are certain things 
_ you can learn that will 

: make you a better reader. 





3 
=> Solve: qx 7 2=-11 


The goal is to write the equation in the form variable = constant. 


© Add 2 to each side of the equation, 


/TAKE NOTE 


) Check: sh -2=-11 |} © Simplify. 


4 


| 
3 | | 
qr) -2 | " 

-9-21] -11) 


“= =11 | 
A true equation 


© Multiply each side of the equation by " 


© The equation is in the form variable = constant. 


The solution is —12, 
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When you complete the example, get a clean sheet of paper. Write down the 
problem and then try to complete the solution without referring to your notes or 
the book. When you can do that, move on to the next part of the objective. 


Leaf through the book now and write down the page numbers of two other 
occurrences of an arrowed example. 


You Try Its One of the key instructional features of this text is the paired exam- 
ples. Notice that in each example box, the example on the left is completely 
worked out and the “You Try It” example on the right is not. Study the worked- 
out example carefully by working through each step. Then work the You Try It. 
If you get stuck, refer to the page number at the end of the example, which 
directs you to the place where the You Try It is solved—a complete worked-out 
solution is provided. Try to use the given solution to get a hint for the step you 
are stuck on. Then try to complete your solution. 


Solve: 2x + 4 — 5x = 10 Solve: x — 5 + 4x = 25 


Your solution 
© Combine like terms. ioe sl AK “a 2 
: 5x — 5 = 25 
x= 2B or 2 ee 


Solution 

2x +4—-—5x = 10 
—3x+4= 10 
3x +4—-4=10 
—3x =6 
Sor WG 

5) —5 

x=-2 





The solution is —2. 


Solution on p. SS 
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When you have completed your solution, check your work against the solution 
we provided. (Turn to page S5 to see the solution of You Try It 2.) Be aware that 
frequently there is more than one way to solve a problem. Your answer, however, 
should be the same as the given answer. If you have any question as to whether 
your method will “always work,” check with your instructor or with someone in 
the math center. 


Browse through the textbook and write down the page numbers where two other 
paired example features occur. 


Remember: Be an active participant in your learning process. When you are sitting 
in class watching and listening to an explanation, you may think that you under- 
stand. However, until you actually try to do it, you will have no confirmation of the 
new knowledge or skill. Most of us have had the experience of sitting in class think- 
ing we knew how to do something only to get home and realize that we didn’t. 
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/TAKE NOTE | 


If a rule has more than 
_ one part, be sure to make 
_ a notation to that effect. 


Multiply each side of an 
equation by the same 
number. Do not use zero. 









TAKE NOTE 


If you are working 

at home and need 
assistance, there is 
on-line help available at 
math.college.hmco.com/ 
students, at this text’s 
web site. 


AIM for Success XxXiIX 


Word Problems Word problems are difficult because we must read the prob- 
lem, determine the quantity we must find, think of a method to do that, and then 
actually solve the problem. In short, we must formulate a strategy to solve the 
problem and then devise a solution. 


Note in the paired example below that part of every word problem is a strategy 
and part is a solution. The strategy is a written description of how we will solve 
the problem. In the corresponding You Try It, you are asked to formulate a strat- 
egy. Do not skip this step, and be sure to write it out. 


Example 7 

@ In a recent year, 238 U.S. airports 
collected $1.1 billion in passenger taxes. 

Of this amount, $88 million was spent on noise 

reduction. What percent of the passenger taxes 

collected was spent on noise reduction? 


Strategy 

To find the percent, solve the basic percent 
equation using B = 1.1 billion = 1,100 million 
and A = 88 million. The percent is unknown. 


You Try It 7 

The total revenue for all football bow] 

games in 2000 was approximately 
$158.3 million. Of that amount, the Big Ten 
conference received $22.45 million. What 
percent of the total revenue did the Big Ten 
conference receive? Round to the nearest 
tenth of a percent. (Source: San Diego 
Union-Tribune, January 18, 2001) 


Your strategy 


To find the percent, solve the basic percent 


equation using B = 158.3 billion and 


A = 22.45 billion. The unknown is the percent. 


M-B=A 
P(158.3) = 22.45 
FUI58.3) — 22.45 
2245 2245 
P = O1418 
The Big Ten conference received 


14.2% of the 2000 football 
Solutions on p. S4 


Solution Your solution 
P-B=A 
P(1,100) = 88 
P(1,100) _—-88 
1,100 1,100 
P= 0.08 


8% of the passenger taxes collected was spent 
on noise reduction. 


revenues. 
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Rule Boxes Pay special attention to rules placed in boxes. These rules give you 
the reasons certain types of problems are solved the way they are. When you see 
a rule, try to rewrite the rule in your own words. 


The equations 2x = 6, 10x = 30, and —8x = —24 are equivalent equations; each 
equation has 3 as its solution. These examples suggest that multiplying each side 
of an equation by the same number produces an equivalent equation. 


Multiplication Property of Equations 


Each side of an equation can be multiplied by the same nonzero number without chang- 
ing the solution of the equation. In symbols, if c + 0, then the equation a = 6 has the 
same solutions as the equation ac = bc. 
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Chapter Exercises When you have completed studying an objective, do the 
exercises in the exercise set that correspond with that objective. The exercises are 
labeled with the same letter as the objective. Math is a subject that needs to be 
learned in small sections and practiced continually in order to be mastered. 
Doing all of the exercises in each exercise set will help you master the problem- 
solving techniques necessary for success. As you work through the exercises for 
an objective, check your answers to the odd-numbered exercises with those in 


the back of the book. 


XXX 


AIM for Success 


Write your major here. 


Preparing for a Test There are important features of this text that can be used 
to prepare for a test. 


e Chapter Summary 
e Chapter Review 
e Chapter Test 


After completing a chapter, read the Chapter Summary. (See page 195 for the 
Chapter 4 Summary.) This summary highlights the important topics covered in 
the chapter. The page number following each topic refers you to the page in the 
text on which you can find more information about the concept. 


Following the Chapter Summary are a Chapter Review (see page 196) and a 
Chapter Test (see page 199). Doing the review exercises is an important way of 
testing your understanding of the chapter. The answer to each review exercise is 
given at the back of the book, along with its objective reference. After checking 
your answers, restudy any objective from which a question you missed was 
taken. It may be helpful to retry some of the exercises for that objective to rein- 
force your problem-solving techniques. 


The Chapter Test should be used to prepare for an exam. We suggest that you try 
the Chapter Test a few days before your actual exam. Take the test in a quiet 
place and try to complete the test in the same amount of time you will be allowed 
for your exam. When taking the Chapter Test, practice the strategies of success- 
ful test takers: (1) scan the entire test to get a feel for the questions; (2) read the 
directions carefully; (3) work the problems that are easiest for you first; and per- 
haps most importantly, (4) try to stay calm. 


When you have completed the Chapter Test, check your answers. If you missed 
a question, review the material in that objective and rework some of the exercises 
from that objective. This will strengthen your ability to perform the skills in that 
objective. 


Is it difficult to be successful? YES! Successful music groups, artists, profes- 
sional athletes, chefs, and have to work very hard to achieve 
their goals. They focus on their goals and ignore distractions. The things we ask 
you to do to achieve success take time and commitment. We are confident that 
if you follow our suggestions, you will succeed. 
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Chapter 


Section 1.1 


A To use inequality symbols with integers 
B_ To use opposites and absolute value 


Section 1.2 


A To add integers 
B_ To subtract integers 
C To solve application problems 


Section 1.3 


A To multiply integers 
B_ To divide integers 
C To solve application problems 


Section 1.4 


To write a rational number in simplest form 
and as a decimal 


To convert between percents, fractions, and 
decimals 


A 

B 

C To add or subtract rational numbers 

D To multiply or divide rational numbers 
E To solve application problems 


Section 1.5 


A To evaluate exponential expressions 


B To use the Order of Operations Agreement 
to simplify expressions 


se Need help? For online student resources, such as section 
eZ quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 


Real Numbers 





Signed numbers are used to express the amount of 
change in the price of a share of stock. Positive numbers 
indicate an increase in the price, and negative numbers 
indicate a decrease. Stock market analysts calculate the 
moving average of a stock, which is the average of the 
changes in a stock’s price over several days. The moving 
average is used to discover trends in the movement of 
the price and to help advise investors. The Exercises on 
pages 20 and 22 and the Project on page 44 involve 
calculating moving averages for different stocks. 


‘poatasat sys [py ‘Aueduiog urgyn uorysnoy © yysuAdog 


d. 6+0 


c 6.0 





° 
: me) e) inci 
° a .: 
e = Ee 2 
e 5 
s is = g 
~ 
2 = 5 g 
= 3 : 
e fan} c (es 
. = a, a 
e % 2 z 
° i . : 
: me) @ es os 
: S s e é 
e N 4 
a oO on 5 
: 7 = se D 9. 
° 7 a : ey : 
= \O ore) a = 7 ee 
e oO» N = a z is) - 
. wn x Q > sy =| Ne) ele 
= a © 4 : 
> + i On © a ” 3 
2 3 a ae = ae 
e ot oe = oO = 5 OS : 2 
° 0 a7, Cy IS) ~ re S S 5 e 
Oo’ 
e + OX, oS 2) ae za : 7 
e des ~ Ae ov O # 2 
: = 3 av so Ee a Pee 
ge} S = N = 3 = 4 Ru : 
e 3 2 
. . . S mM + 
: . bi : : = 2 x 
ns 8 
e 2 Z = 
: Ss : : 
es Oo 2 2 
e ae = 2 
© <_< ‘= 
e 8 2 - 
e no} = Q 
eS = 
e is : : 
: 5 2 
es a & 5 
ae ee ER ire oC 5 
sip bo on Sade a 
aes E = Js 
et cero 4 
- a : : 
(5 S nol 
» oO 2 
| = 3 
| ie Be 
| | sO QO 0 
2 - | cas Gs 
\O o VY PY} 
| a +t aS zs 
# +r a 5 . 
= = ce e oO ne) 4 
® g _ B68 
: ‘= ae evga S) 
ee > 0 © 6. © 
; o ots Ba Bad 
yo me eaaes Bee Ranh ok 
ee takes oeeee oetregmertes eat te aes chen 





Copyright © Houghton Mifflin Company, All rights reserved. 





Objective A 





Point of Interest 

2 adrian astronomer 
Ptolemy began using omicron, 
O, the first letter of the Greek 
word that means “nothing,” as 
the symbol for zero in 150 A.D. 
It was not until the 13th 
century, however, that 
Fibonacci introduced 0 to the 
Western world as a placeholder 
so that we could distinguish, 
for example, 45 from 405. 
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Introduction to Whole Numbers 


It seems to be a human characteristic to group similar items. For instance, a 
biologist places similar animals in groups called species. Nutritionists classify 
foods according to food groups; for example, pasta, crackers, and rice are among 
the foods in the bread group. 





To use inequality symbols with integers 





Mathematicians place objects with similar properties in groups called sets. A set 
is a collection of objects. The objects in a set are called the elements of the set. 


The roster method of writing sets encloses a list of the elements in braces. 
Thus the set of sections within an orchestra is written {brass, percussion, string, 
woodwind}. When the elements of a set are listed, each element is listed only 
once. For instance, if the list of numbers 1, 2, 3, 2, 3 were placed in a set, the set 
would be {1, 2, 3}. 


The numbers that we use to count objects, such as the students in a classroom 
or the horses on a ranch, are the natural numbers. 


Natural numbers = {1, 2, 3, 4,5, 6, 7, 8, 9, 10, ...} 


The three dots mean that the list of natural numbers continues on and on and 
that there is no largest natural number. 


The natural numbers alone do not provide all the numbers that are useful in 
applications. For instance, a meteorologist also needs the number zero and 
numbers below zero. 


integerts=—{-/-,60,64, —3, -2, 1, 0h 234 


Each integer can be shown on a number line. The integers to the left of zero on 
the number line are called negative integers. The integers to the right of zero 
are called positive integers, or natural numbers. Zero is neither a positive nor a 
negative integer. 


Integers 


SS SS eee 
Negative | Positive 
integers Zero integers 


The graph of an integer is shown by placing a heavy dot on the number line 
directly above the number. The graphs of —3 and 4 are shown on the number 


line below. 


<<} ++ ++ +—_ +++ > 
- -4 -3 —2 -l 0 1 D 3 4 5) 
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4 bOidew 
GREE Te ee ee 







a. 
The s for“ is less than” 
and “ greater than” were 


int od ced by Thomas Harriot 
around 1630. Before that, — 
and — were used for > and <, 
respectively. 





Point of Interest 

Th influence is again 
felt wit ith the symbol € for 
“is a element of.” Giuseppe 


Peano used this symbol in 
1889 as an abbreviation for the 
Greek word for “is.” 


Consider the following sentences. 


The quarterback threw the football and the receiver caught it. 
A student purchased a computer and used it to write history papers. 


In the first sentence, it is used to mean the football; in the second sentence, it 
means the computer. In language, the word it can stand for many different 
objects. Similarly, in mathematics, a letter of the alphabet can be used to stand 
for a number. Such a letter is called a variable. Variables are used in the 
following definition of inequality symbols. 


Inequality Symbols 


lf aand bare two numbers and ais to the left of bon the number line, then ais less 
than 6. This is written a < b. 


If aand b are two numbers and ais to the right of b on the number line, then a is 
greater than b. This is written a > Db. 





Negative 4 is less than negative 1. 


S85) OSS Se SS 
ge ee 





5 is greater than 0. 


5 = 0 25) Oy 295) et, Oe a3. ee es 


There are also inequality symbols for is less than or equal to (<=) and is greater 
than or equal to (=). 


[255 7 is less than or equal to 15. 
This is true because 7 < 15. 


6 <=6 6 is less than or equal to 6. 
This is true because 6 = 6. 


The symbol € means “is an element of.” 2 € B is read “2 is an element of set B.” 


Given C = {3, 5, 9}, then 3 € C,5 EC, and 9 EC. 7 € C is read “7 is not an ele- 
ment of set C.” 


Se CNOA NOL CEES ACh 9 ceseh eIepOne) a “eimhec Cvel SOLS |e ey SMR 28), 6,'818he @[6)(8) Arlee 70.0 ,6)-0)0).6-0,0 6105 6! Saal es tee elal a/sile\is;is lai leiel-e feheliaiielevelin \adebelatere 


Example 1 3 You Try It 1 

_Use the roster method to write the set of Use the roster method to write the set of 
negative integers greater than or equal to —4. positive integers less than 7. 
Solution Your solution 


a a Ease paced 





© Aset is designated 
by a capital letter. 


* 
Solution on p. S1 
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Example 2 
Given A = {—6, —2, 0}, which elements of set A 
are less than or equal to —2? 


Solution 
Find the order relation between each element 
of set A and —2. 


-6<-2 
-2=-2 
0>-2 


The elements —6 and —2 are less than or equal 
fob 2. 


Objective B To use opposites and absolute value 
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ie Try It 2 
Given B = {—5, —1, 5}, which elements of set B 
are greater than —1? 


Your solution 


Solution on p. S1 





Two numbers that are the same distance from zero on the number line but are 
on opposite sides of zero are opposite numbers, or opposites. The opposite of 
a number is also called its additive inverse. 


The opposite of 5 is —5. 


The opposite of —5 is 5. 


i) 


Sra =) =i O jh 2 Ss 4h 8 


The negative sign can be read “the opposite of.” 


—(2) 


=2 The oppesite of 21s —2. 


(2) The opposite of —2 is 2. 


The absolute value of a nu 


mber is its distance from zero on the number line. 


Therefore, the absolute value of a number is a positive number or zero. The 


symbol for absolute value is 





two vertical bars, 





The distance from 0 to 3 is 3. Therefore, teats 
the absolute value of 3 is 3. a ce ade 
Bef 3-10 34 5 
Sieve 
The distance from 0 to —3 is 3. Therefore, Posen 


the absolute value of —3 is 3. 


[=3| = 3 
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Point of Interest Absolute Value 


he en of absolute value 
given 1th box is written in 
what | is called rhetorical style. The absolute value of zero is zero. |0| = 0 
That i is, itis written without the 
use of variables. This is how al/ 
mathematics was written prior 
to the Renaissance. During that 
period from the 14th to the 16th 
century, the idea of expressing 
a variable symbolically was => Evaluate: —|—12| 
developed. In terms of that 





The absolute value of a negative number is the opposite of the negative number. For 
example, |—7| = 7. 





Syoboltem the definition of il A ¢ The absolute value sign does not 
mnealiiowalieis affect the negative sign in front of 
x, x >0 the absolute value sign. 
|x| | 0,x=0 
= SO 

ee 3 Re Try It 3 
Evaluate |—4| and —|—10]. Evaluate |—5| and —|—23]. 
Solution Your solution 
-4| = 
=—|=10| = —10 

ie 4 ; ste he Try It 4 
Given A = {—12, 0, 4}, find the additive inverse Given B = {—11, 0, 8}, find the additive inverse 
of each element of set A. of each element of set B. 
Solution Your solution 
=(=12) = 12 

='0 ° Zero is neither positive 
nor negative. 

-(4) = - 

eet Pocc incest cctenceeetet tence . 
Given C = {—17, 0, 14}, find the absolute value Given D = {—37, 0, 29}, find the absolute value 
of each element of set C. of each element of set D. 
Solution Your solution 
|-17| = 
|o| = 0 
[14] = 


Solutions on p. S1 
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1.1 Exercises 


Objective 7) 


1. 





Explain the difference between the natural 
numbers and the integers. 
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2. Name the smallest integer that is larger 


than any negative integer. 


Place the correct symbol, < or >, between the two numbers. 


3. 8 -6 4. -14 16 5. 
8. -42 27 9. 0 —31 10. 
Answer True or False. 
13. -13>0 14. -—20>3 15. 
18. -—44>-21 19. —4> —-120 20. 


=12 6. 35 28 dssf 42s lg 
ay {t.. .53° ~=46 i221 noi 38 
1231 16. O77 17... =32 =2 
028 212 shel 22.0 Sosa 10 


For Exercises 23—28, use the roster method to write the set. 


23. 


ZS 


Die 


pas), 


31. 


33. 


35: 


37. 


The natural numbers less than 9 


The positive integers less than or equal to 8 


The negative integers greater than —7 


Given A = {-—7, 0, 2, 5}, which elements of 
set A are greater than 2? 


Given D = {—23, —18, —8,0}, which ele- 
ments of set D are less than —8? 


Given E = {—35, —13, 21, 37}, which ele- 
ments of set E are greater than —10? 


Given B = {—52, —46, 0, 39, 58}, which ele- 
ments of set B are less than or equal to 0? 


Given C = {—23, —17, 0, 4, 29}, which ele- 
ments of set C are greater than or equal to 
Sie 


24. 


26. 


28. 


30. 


52. 


34. 


36. 


38. 


The natural numbers less than or equal to 6 


The positive integers less than 4 


The negative integers greater than or equal 
Lor) 


Given B = {—8, 0, 7, 15}, which elements of 
set B are greater than 7? 


Given C = {—33, —24, —10,0}, which ele- 
ments of set C are less than —10? 
Given F = {—27, —14, 14,27}, which ele- 


ments of set F are greater than —15? 


Given A = {—12, —9, 0, 12, 34}, which ele- 
ments of set A are greater than or equal to 0? 


Given D = {—31, —12, 0, 11, 45}, which ele- 
ments of set D are less than or equal to —12? 
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39. Given that set A is the positive integers less 40. 


than 10, which elements of set A are greater 
than or equal to 5? 


41. Given that set D is the negative integers 42. 


greater than or equal to —10, which ele- 
ments of set D are less than —4? 


Objective B 





Find the additive inverse. 


43. 4 44. 8 45. -9 
Evaluate. 

48. —(-14) 49. —(-—40) 50.0 =o) 
53. |-74| 54. |—96| 55, —|—82! 


Given that set B is the positive integers less 
than or equal to 12, which elements of set B 
are greater than 6? 


Given that set C is the negative integers 
greater than —8, which elements of set C are 
less than or equal to —3? 


Place the correct symbol, < or >, between the values of the two numbers. 


58. |-83|  |58| 59. |22 


62068) © \=42) 63. |12| 
66. Given A = {—8, —5, —2, 1, 3}, find 
a. the opposite of each element of set A 
b. the absolute value of each element of 
set A 


APPLYING THE CONCEPTS 


|—19| 60. 


|-31| 64. 


46. —28 A736 
51. —(39) 52 (13) 
56. —|—53| 57a \sa 

143] |—52| 61. 7 92 

|-45| |-61| 65. |—28| 43] 


67.- Given.B = {1 —/.—3,.1 5). tnd 


a. the opposite of each element of set B 
b. the absolute value of each element of 
set B 


68. If x represents a negative integer, then —x represents a 


integer. 


69. If x is an integer, is the inequality |x| < —3 always true, sometimes true, 


or never true? 


ber and the additive inverse of a number. 





In your own words, explain the meaning of the absolute value of a num- 
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Addition and Subtraction 
of Integers 


To add integers 





: oO 4 


A number can be represented anywhere along the number line by an arrow. A 
positive number is represented by an arrow pointing to the right, and a negative 
number is represented by an arrow pointing to the left. The size of the number 
is represented by the length of the arrow. 





<5) —4 
i | 
SSS a a SS SS SSS SS SS ee 





-10 -9 -8 -7 -6 5 -4 -3 2 1 0 1 2 Sete Oo 7 9 10 


Addition is the process of finding the total of two numbers. The numbers being 
added are called addends. The total is called the sum. Addition of integers can 
be shown on the number line. To add integers, start at zero and draw, above the 
number line, an arrow representing the first number. At the tip of the first arrow, 
draw a second arrow representing the second number. The sum is below the tip 
of the second arrow. ; 


+4 +2 
4+2=6 ae 


-7 -6 5 -4 -3 2-1 012 3 4 5 6 7 





4 + (-2) = -6 a 





AD =a? was 





4+ (-2)=2 ence ee IS 





The pattern for addition shown on the number lines above is summarized in the 
following rules for adding integers. 


Addition of Integers 


To add two numbers with the same sign, add the absolute values of the numbers. Then 
attach the sign of the addends. 


To add two numbers with different signs, find the absolute value of each number. Sub- 
tract the smaller of the two numbers from the larger. Then attach the sign of the number 
with the larger absolute value. 
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= Add: —12 + (—26) 
lr (26) = oe 


=> Add: —19 + 8 
|-19| = 19 
8] = 8 


19 = 8 — 11 


SO Oo = id 


¢ The signs are the same. Add the 
absolute values of the numbers 
(12 + 26). Attach the sign of the 
addends. 


¢ The signs are different. Find the 
absolute value of each number. 


e Subtract the smaller number from 
the larger. 


e Attach the sign of the number with 
the-larger absolute value. Because 
|—19| > |8|, use the sign of —19. 


a> Add: =-23°+ 47 + (-18) + (—5) 
234i loi >) © To add more than two numbers, add 


= 24 + (-18) + (-5) 


=6 + (=5) 


Be eh Reet SAE Sia ASE Ta OG ere 4 etonee aw ah atenalereecald 


Example 1 
Magee 52 59) 


Solution 
52 a) | 


ia 


Be EA aiAls cicietiane Pantie bhmnE ARI a HEME SOMERS ees 
J Example 2 
Addws iat 52)i tt (=21) 2 {=7) 


Solution 

Oe SD ied) (=<) 
== Pore (7) 

= 30 se 0 

—43 


I 


I 





To subtract integers 


the first two numbers. Then add the 
sum to the third number. Continue 
until all the numbers are added. 






Coo oeervreoe rose esreoeseoeereorererosereesseeeeceeeeeoeeoeeeees 


doo as) 


Your solution 






You Try It 2 
Add: —54 42-417 — © 102) 


Your solution 


Solutions on p. S1 





Look at the two expressions below and note that each expression equals the same 


number. 


8 -~ 3=5 "Siminus 3s 5: 
8 + (-3)=5 8 plus the opposite of 3 is 5. 


This example suggests that to subtract two numbers, we add the opposite of the 
second number to the first number. 
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First |_| second ON} (Hirst i the opposite of the 
number number number second number 


AQT Alle 99 =o hie40 v2 (—60) = -20 
-40 =—- 60 = -40 +4 (—60) = -100 
—40 = (-60) = +40 + 60 = 20 

40 - (-60) = 40 4+ 60 = 100 


= Subtract: —21 — (—40) 


Change this sign to plus. 


=21 — (—40) = —21 + 40 = 19 ¢ Rewrite each subtraction as addition 
ee Sh) 


of the opposite. Then add. 
Change —40 to the 
opposite of —40. 


=» Subtract: 15 — 51 
Change this sign to plus. 
15 — 51 = 15+ (51) = =36 ¢ Rewrite each subtraction as addition 
Ee eerie) of the opposite. Then add. 


Change 51 to the 
opposite of 51. 


™ Subtract: —12\— (+21)— 15 





UG tg ke nt ee a A) ¢ Rewrite each subtraction as addition 
=9 + (-15) of the opposite. Then add. 





eee tee ee ee eee ese rer eer ee ee eee eH HEE EHEH HEHEHE EEE EET EE EH MNO H ESE HEE HEHEHE HH HHH HE OH HEE ETOH EHO O OEE HOHE HO EOE EEE ES 






Bexainele 3 Subtract. — tl — "15 “You Try It 3 Subtract? 19) =" 32) 
Solution Vi 15 = S115) Your solution 
= —26 : 
“sea gheoch Soup AuBD eaarot same Onon SUmAoiasScachianne (See abi Or aU ners Ton urs not itennid Nan coe: : hier es 
“Example 4 Subtract: © You Try It 4 Subtract: 
—14 — 18 — (-21) -— 4 =O 12) 4 
Solution —14 — 18 — (-21) —4 Your solution 
= 4 (13 24) 
= —32 + 21 + (-4) 
= —{1 + (-4) 
=-15 


Solutions on p. S1 
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To solve application problems 





Positive and negative numbers are used to express the profitability of a company. 
A profit is recorded as a positive number; a loss is recorded as a negative 
number. 





ry The bar graph below shows the net earnings of Apple Computer Corpo- 
© tation for the years 1996 through 2000. Calculate the total net earnings 
for Apple Computer Corporation for the years 1996 to 2000. 


786 


800 
i 


600 |-— 










400 |- 
200 





1996 1997 


(ap) 


LOO 3 Ooo: 








($ millions) 
| | | 
ey ESS 
Sa Se a 
SS! eu S 


Apple Corporation Earnings/Losses 


—800 
—1000 


—1200 


Source: Apple Computer Corporation 


Strategy 
To determine the total net earnings, add the profits and losses for the years 
1996, 1997, 1998, 1999, and 2000. 


Solution 
=8l6 + (—1045) +3094 601 4-786 = =165 


The total net earnings for 1996 to 2000 were —$165 million. 


| | 


) i ROIOU RM OS Cen aC a ierC ie Tee icici RIC n Oi iemON OE Ce Cache) oat 


“Example 5 © You Try It 5 
The average temperature on Mercury’s sunlit The average daytime temperature on Mars is 
side is 950°F. The average temperature on —17°F. The average nighttime temperature on 
Mercury's dark side is —346°F. Find the Mars is —130°F. Find the difference between 
difference between these two average these two average temperatures. 
temperatures. 
Strategy Your strategy 
To find the difference, subtract the average 
temperature on the dark side (—346) from the 
average temperature on the sunlit side (950). 
Solution Your solution 
950 — (—346) = 950 + 346 
= 1296 


The difference between these average 
temperatures is 1296°F. 


Solution on p. S1 
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1.2 


SY 


11. 


15: 


19. 


OAS 


23% 


2D: 


27. 


29: 


31. 


33. 


Objective A 


Add. 


Exercises 
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Explain how to add two integers with the same sign. 


34s (=8) 4. —6+(-9) 
—3 + (80) 8. —12+(-1) 
16 + (—16) 12. -17+17 


—17+(—3)+29 16. 13 + 62 + (—38) 


13-22) +4 4+ (—5) 


ete 20 et (= 18) 


—16 + (—17) + (—18) + 10 


26 + (—15) + (11) + (-12) 


—17 + (—18) + 45 + (—10) 


46 + (—17) + (—13) + (—50) 


=(4 (15) (11) 4-40 


3293) +4(22) + (421) 5 


13. 


17. 


20. 


22; 


24. 


26. 


28. 


30. 


a2. 


34. 


\,2. Explain how to add two integers with different signs. 


== B=) 


23623) 


48 + (—53) 


os Gao) 


=14+ ©3) 47+ ©2) 


—6 + (—8) + 14 + (-4) 


=—J5 esl 2419 


10. 


14. 


18. 


=O 
2 aly) 
19 + (—41) 


—27 + (—42) + (—18) 


—32 + 40 + (—8) + (-19) 


23 + (-15) + 9 + (—15) 


—37 + (—17) + (—12) + (-15) 


28 + (-19) + (—8) + (-1) 


—31 + 9 + (—16) + (-15) 


14 
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Objective B 


035. What is the difference between the terms minus and negative? 





Ae 4 


Subtract. 

Sinko 8 38. 
OM Dee faa" 42. 
45.) 4-64 (3) 46. 
ago 4 3. — 2 

52. Ieee 3 1) 

oa a etsy hee (ESS) 





te Ol) = 60D 


=f (G-O1) — 15 tS 


AS 19 29% Si 


R36. Explain how to subtract two integers. 








12 =3 39. 
roe 4 43. 
A (2) 47. 
50 = 5 12 

5a 19 «= 1918 

56) BT 6 as 1) 

59, = 16 = 47 = 6a 2 
62, 18 — 40 =e 7 
G5: 121 — (E314) — Aare 


7 eel 


i =2) 


= (E12) 


51. 


54. 


57. 


60. 


63. 


66. 


40. 6-9 
44, 3 —(-4) 
48. -12- 16 

12 -(-7)-8 

-8 —(-8)- 14 


+30 = ($:63)-= 29 4 


42 => (30) —63-— Gai} 


Ose S356) el 


(7 47) = Aa 
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Objective C Application Problems 


The temperature at which mercury boils is 360°C. Mercury freezes at 


—39°C. Find the difference between the temperature at which mercury 
boils and the temperature at which it freezes. 


The temperature at which radon boils is —62°C. Radon freezes at —71°C. 
Find the difference between the temperature at which radon boils and the 
temperature at which it freezes. 


The elevation, or height, of places on Earth is measured in relation to sea level, 
or the average level of the ocean’s surface. The table below shows height above 
sea level as a positive number and depth below sea level as a negative number. 
Use the table for Exercises 69 to 72. 





69. Find the difference in elevation between Mt. Aconcagua and Death 


a) Valley. 


70. What is the difference in elevation between Mt. Kilimanjaro and the Qat- 
3 tara Depression? 


71. For which continent shown is the difference between the highest and low- 
a) est elevations greatest? 


72. For which continent shown is the difference between the highest and low- 
e est elevations smallest? 


The table at the right shows the boiling point and the melting point in 
degrees Celsius of three chemical elements. Use this table for Exercises 73 


and 74. 


73. Find the difference between the boiling point and the melting point 


om) of carbon. 


74. Find the difference between the boiling point and the melting point 


mm) of xenon. 
y 


15 





16 


Laser Vision Centers for the years 1996 through 2000. Use 
this graph for Exercises 75 to 77. 


75. 


76. 
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The graph at the right shows the net income or loss for the 


Determine the total net loss for Laser Vision Centers for 
the years 1997 to 1999. 


Find the difference between the company’s net income for 
1997 and for 1996. 


Laser Vision Centers’ Net Income/Loss 
(in millions) 


For the years 1996 through 2000, did Laser Vision Centers 
have a net income gain or loss? Explain your answer. 


Source: Laser Vision Centers, Inc. 


A meteorologist may report a wind-chill temperature. This is the equivalent 
temperature, including the effects of wind and temperature, that a person 
would feel in calm air conditions. The table below gives the wind-chill temper- 
ature for various wind speeds and temperatures. For instance, when the tem- 
perature is 5°F and the wind is blowing at 15 mph, the wind-chill temperature 
is —25°F. Use this table for Exercises 78 and 79. 





78. 


79. 


3 


Tb 


When the thermometer reading is —5°F, what is the difference between 
the wind-chill factor when the wind is blowing 10 mph and when the 
wind is blowing 30 mph? 


When the thermometer reading is —20°F, what is the difference between 
the wind-chill factor when the wind is blowing 15 mph and when the 
wind is blowing 25 mph? 


APPLYING THE CONCEPTS 


80. 


81. 


If a and b are integers, is the expression |a + b| = |a| + |b| always true, 
sometimes true, or never true? 


Is the difference between two integers always smaller than either one of 
the numbers in the difference? If not, give an example for which the dif- 
ference between two integers is greater than either integer. 
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i 7] R 
Objective A | 
int of Interest 





1b ol fi 
in beg in a book titled The Key 
to Mathematics. Also in that 
year, another book, Practice of 
the Analytical Art, advocated 
the use of a dot to indicate 
multiplication. 
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Multiplication and Division 
of Integers 


To multiply integers 





Several different symbols are used to indicate multiplica- 3X2=6 
tion. The numbers being multiplied are called factors; for 3-26 
instance, 3 and 2 are factors in each of the examples at the (3)(2) = 6 
right. The result is called the product. Note that when 3(2) =6 
parentheses are used and there is no arithmetic symbol, the (3)2 =6 


operation is multiplication. 


Multiplication is repeated addition of the same number. The product 3 x 5 is 
shown on the number line below. 


5 5 5 5 is added 3 times. 
[ttt tt tt + tt ttt 


Qi 2 SF eS ie a BS) TIM ake WD sh iz. iS SDS Sime Pe 2) an hee iS) 


Now consider the product of a positive and a negative number. 


—5 is added 3 times. 


SiG) =(— 5) 5) 5) = 15 


This suggests that the product of a positive number and a negative number is 
negative. Here are a few more examples. 


4(—7) = —28 —6:-7= —-42 (—8)7 = —56 

To find the product of two nega- These numbers These numbers 
tive numbers, look at the pattern 4ecrease by I. Aes Ae ee oy. increase by 5. 
at the right. As —5 multiplies a ae Ss ay 
sequence of decreasing integers, Ry eee 
the products increase by 5. eee 
The pattern can be continued by = eee 

a =5 x (—2) =10 
requiring that the product of two aries) & 


negative numbers be positive. 


Multiplication of Integers 


To multiply two numbers with the same sign, multiply the absolute values of the num- 
bers. The product is positive. 


To multiply two numbers with different signs, multiply the absolute values of the num- 
bers. The product is negative. 
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=» Multiply: —2(5)(—7)(-4) 


ZO) = 7) a) HO aa) © To multiply more than two numbers, 
i Nes multiply the first two. Then multiply 
Oey) a the product by the third number. 
Continue until all the numbers are 











multiplied. 
Consider the products shown at (=3)(=5) = 15 
the right. Note that when there is (—2)(—5)(—6) = —60 
an even number of negative fac- (—4) (—3)(—5)(—7) = 420 
tors, the product is positive. (—3)(—3)(—5)(—4)(—5) = —900 
When there is an odd number of (—6) (—3) (—4) (—2)(—10)(—5) = 7200 
negative factors, the product is 
negative. 


This idea can be summarized by the following useful rule: The product of an 
even number of negative factors is positive; the product of an odd number 
of negative factors is negative. 








{ x Multiply: (—3)4(—5) ie Try It 1 Multiply: 8(—9)10 
(=3)4(=5)' = (—12)(=5) = 60 Your solution 
Aan 2 Multiply: 12(—4)(—3)(—5) is Try It 2 Multiply: (—2)3(—8)7 
Solution 12(—4) (—3)(—5) = (—48)(—3)(—5) Your solution 
= 144(—5) 
= —720 


Solutions on p. S1 





To divide integers 


. TAKE NOT For every division problem there is a related multiplication problem. 


Think of the fraction bar ; 


__as “divided by” Thus 5 aia because Ae 28. 


_ is 8 divided by 2. | Division Related multiplication 





This fact and the rules for multiplying integers can be used to illustrate the rules 
for dividing integers. 


Note in the following examples that the quotient of two numbers with the same 
sign is positive. 

12 aod 2 

ean 4 because 4 - 3 = 12. a aie 4 because 4(—3) = —12. 
The next two examples illustrate that the quotient of two numbers with different 
signs is negative. 


12 = 


=a —4 because (—4)(—3) = 12. , ae —4 because (—4)3 = —12. 
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Point of Interest 
The e Juite a controversy 
ove e the new 


millennium started because of 
the number zero. When our 
current calendar was created, 
numbering began with the year 
1 because 0 had not yet been 
invented. Thus at the beginning 
of year 2, 1 year had elapsed; at 
the beginning of year 3, 2 years 
had elapsed; and so on. This 
means that at the beginning of 
year 2000, 1999 years had 
elapsed and it was not until the 
beginning of year 2001 that 
2000 years had elapsed and a 
new millennium began. 
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Division of Integers 


To divide two numbers with the same sign, divide the absolute values of the numbers. 
The quotient is positive. | 


To divide two numbers with different signs, divide the absolute values of the numbers. 
The quotient is negative. 





=> Simplify: _— 


D6 00 
Fae 7 )--Cons 


The properties of division are stated below. In these statements, the symbol # is 
read “is not equal to.” 





Properties of Zero and One in Division 


ee 
a 


0. Zero divided by any number other than zero is zero. 
Ifa #0, : = 1. Any number other than zero divided by itself is one. 


A number divided by one is the number. 


Division by zero is not defined. 


ris undefined. 








The fact that ai = —4, 4 = —4, and = = —4 suggests the following rule. 
If a and b are integers, and b # 0, then a = = == 

Example 3 Divide: (— 120) + (—8) Li Try It 3 Divide: (—135) + (9) 
Solution (—120) + (—8) = 15 Your solution 
Example 4 You Try It 4 

Divide: 22 Divide: —2 

5 4 
Solution “2 =-19 Your solution 
exemple 5 You Try It 5 
= ; ; 36 
Simplify: -= Simplify: oe 
=O) : 

Solution ee ae —(—27) = 27 Your solution 


Solutions on p. S1 
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Objective C 


To solve application problems 





In many courses, your course grade depends on the average of all your test 
scores. You compute the average by calculating the sum of al] your test scores 
and then dividing that result by the number of tests. Statisticians call this aver- 
age an arithmetic mean. Besides its application to finding the average of your 
test scores, the arithmetic mean is used in many other situations. 


Stock market analysts calculate the moving average of a stock. This is the arith- 
metic mean of the changes in the value of a stock for a given number of days. To 
illustrate the procedure, we will calculate the 5-day moving average of a stock. In 


actual practice, a stock market analyst may use 15 days, 30 days, or some other 


number. 


The table below shows the amount of increase or decrease, in cents, in the clos- 
ing price of a stock for a 10-day period. 





To calculate the 5-day moving average of this stock, determine the average of the 
stock for days 1 through 5, days 2 through 6, days 3 through 7, and so on. 





The 5-day moving average is the list of means: —35, —60, —35, —70, —165, and 
— 120. If the list tends to increase, the price of the stock is showing an upward 
trend; if it decreases, the price of the stock is showing a downward trend. These 
trends help an analyst recommend stocks. 


erect ecoc ee oe ee eeeeerec oes ecco eee eee ee oo e 





Texampie 6 ‘asthats tied te : 

The daily high terfiperatures (in devi pela tr arist aie e’ daily low: fempe nna (in degrees 

Celsius) for six days in Anchorage, Alaska, Pe Celsius) during one week were recorded as 
ie 14" 3%, 0°. -8°,.2° and 1°, Find the Ry Oey PS Ole bp cain ieee 
average daily high temperature. mettit  trer ttt Find the. areas daily low temperature. 
Strategy mer | ‘A 4 Your strategy | . 


is: Divide the sum vey 


; Senior 


ne = mOM 


The aver age daily high temperature. was 


oC, 


“ To find the average fen, high t temperature: me 
ie Add the six Lape ie ane 


it 340 + (- +24 = 


4 


Your solution” 


Solution on Dp. SI 
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1.3 Exercises 


Explain how to multiply two integers with 


<»% the same sign. 
<=) 


2. Explain how to multiply two integers with 
© different signs. 

















Multiply. 

3. (14)3 4. 17(6) 5. -7-4 6. -8-7 7. (-12)(-5) 8. (-13)(-9) 
Oe 1123) 10" 821) p11. (517)14 12, (415)12.- 13... 6619) 14. 17(-13) 
15. 7(5)(—3) 16. (—3)(-2)8 17. 9(-7)(—4) 18. (—2)(6)(-4) 

19. —3(-8)(-9) 20. —7(—6)(-5) 21. (—9)7(5) 22. (—8)7(10) 

23. 7(—2)(5)(—6) 24. (-3)7(—2)8 25. —9(—4)(—8)(—10) 26. -11(—3)(—5)(-2) 
27. 7(9)(-11)4 28. —12(—4)7(—2) 29. (—-14)9(-11)0 30. (—13)(15)(-19)0 
Objective B 

Divide. 

Bete (6) — 32 Sie) si8) 33. (-72)+(-9) 34. (-64)+(-8) 35. -42+6 
36. (-56)+8 37. (-144)+12 38. (-93)+(-3) 39. 48 +(-8) 40.57 = (-3) 
49 45 44 BEG 98 

ee 42, — BS ae te Shae 
85 ~120 -72 _ -80 _=114 
46. — TB ieee ear a 495 Se 50. asa 
= =128 
51. 0=(-9) 52. 0+(-14) 53. a CP ire 55. 9=0 
2 250 0 58 
56. (-21)+0 537. a shag aes clan gee” 


22 





61. 


62. 


64. 


65. 


66. 
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Application Problems 


The high temperatures for a 6-day period in Barrow, Alaska, were 
=23°R) —20°F, =2 IPF 28 28k, ands 2718: Calculate the average 
daily high temperature. 


The low temperatures for a 10-day period in a midwestern city were 
—4°F, —9°F, —5°F, —2°F, 4°F, —1°F,'—1°F, —2°F, —2°F, and 2°F. Calculate 
the average daily low temperature for this city. 


The value of a share of IBM’s stock on November 3, 2000, was $100.13. 
The table below shows the amount of increase or decrease, to the nearest 
10 cents, from the November 3 closing price of the stock for a 
10-day period. Calculate the 5-day moving average for this stock. 





The value of a share of Dell Computer’s stock on November 3, 2000, was 
$32.56. The table below shows the amount of increase or decrease, to the 
nearest 10 cents, from the November 3 closing price of the stock for a 
10-day period. Calculate the 5-day moving average for this stock. 





To discourage random guessing on a multiple-choice exam, a professor 
assigns 5 points for a correct answer, —2 points for an incorrect answer, 
and 0 points for leaving the question blank. What is the score for a stu- 
dent who had 20 correct answers, had 13 incorrect answers, and left 
7 questions blank? 


To discourage random guessing on a multiple-choice exam, a professor 
assigns 7 points for a correct answer, —3 points for an incorrect answer, 
and —1 point for leaving the question blank. What is the score for a stu- 


dent who had 17 correct answers, had 8 incorrect answers, and left 
2 questions blank? 


APPLYING THE CONCEPTS 


67. 


68. 
> 
69. 
a 


If x € {—6, —2, 7}, for which value of x does the expression —3x have the 
greatest value? 


Explain why 0 + 0 is not defined. 


If —4x equals a positive integer, is x a positive or a negative integer? 
Explain your answer. 
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/TAKE NOTE 








Objective A — 





_ The numbers -= 


—4 
sand 


| all represent the same 
_ rational number. 


Point of interest 


As. S 630 A.D., the Hindu 
mathemati ian Brahmagupta 
wrote a fraction as one number 
over another separated 

by a space. The Arab 
mathematician al Hassar 
(around 1050 A.D.) was the first 
to show a fraction with the 
horizontal bar separating the 
numerator and denominator. 





es 
6 
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Operations with Rational Numbers 


To write a rational number in 
simplest form and as a decimal 





A rational number is the quotient of two integers. A rational number written in 
this way is commonly called a fraction. Here are some examples of rational 
numbers. 


Rational Numbers 


A rational number is a number that can be written in the form = where a and b are 


integers and b # 0. Z 





Because an integer can be written as the quotient of the integer and 1, every inte- 
ger is a rational number. For instance, 


A fraction is in simplest form when there are no common factors in the numera- 
tor and the denominator. The fractions “ and : are equivalent fractions because 
they represent the same part of a whole. However, the fraction : is in simplest 
form because there are no common factors (other than 1) in the numerator and 


denominator. 


To write a fraction in simplest form, eliminate the common factors from the 


numerator and denominator by using the fact that 1 - x - - 
de 4 sci Sane aul 2 
oe eps 3 Bins 
1 
The process of eliminating common factors is usu- Se 
ally written as shown at the right. pile Rote Oe 
1 


If you have difficulty determining the common factors, write the numerator 
and denominator in terms of prime factors. (Recall that a prime number is a 
number greater than 1 that is divisible only by itself and 1. The first ten prime 
numbers are 2, 3, 5, 7, 11, 13, 17, 19, 23, and 29.) 


o> Write = in simplest form. 


iB? 


18 aia. at3 
30 5 


HRI R= 
RR R= 


24 


| TAKE NOTE 


_ Rational numbers are 


/ fractions, such as — : 


| i 
: or > in which the 


_ numerator and 

_ denominator are 

_ integers. Rational 

_ numbers are also 

_ represented by 

_ repeating decimals such 
_ as 0.25767676... 

_ or terminating decimals 
_ such as 1.73. An 

- irrational number is 

_ neither a terminating 


_ decimal nor a repeating 


decimal. For instance, 
2.45445444544445... is 
an irrational number. 


Chapter 1 / Real Numbers 


A rational number can also be written in decimal notation. 


43 
0043 = sa 


3 
0.3=—75 1000 


10 forty-three thousandths 


three tenths 


A rational number written as a fraction can be written in decimal notation by 
dividing the numerator of the fraction by the denominator. Think of the fraction 
bar as meaning “divided by.” Here are two examples of changing a fraction to a 
decimal. 


; syeetA ‘ 
= Write - as a decimal. => Write 71284 decimal. 


0.625 0.3636 
8 15.000 © Divide the numerator, 11 14.0000 © Divide the numerator, 
—48 5, by the denominator, =33 4, by the denominator, 
20 8. 70 1" 
Slo —66 
40 40 
— =33 
0 70 
—66 


When a resulting remainder is 
zero, the decimal is called a ter- 4 
minating decimal. The decimal 


: ts : No matter how long we continue to 
0.625 is a terminating decimal. 


divide, the remainder is never zero. 
The decimal 0.36 is a repeating 
decimal. The bar over the 36 indi- 


2) = 0.625 
8 cates that these digits repeat. 


Every rational number can be written as a terminating or a repeating decimal. 
Some numbers—for example, V7 and w—have decimal representations that 
never terminate or repeat. These numbers are called irrational numbers. 


WT = 26497513250 mw =~ 3.1415926... 


The rational numbers and the irrational numbers taken together are called the 
real numbers. 


The diagram below shows the relationship between some of the sets of numbers 
we have discussed. The arrows indicate that one set is contained completely 


within the other set. 
Natural Integers Rational 
numbers numbers 
Real 
numbers 
Note that there is no arrow between the rational numbers and the irrational 


Irrational 
numbers 
numbers. Any given real number is either a rational number or an irrational 


number. It cannot be both. However, a natural number such as 7 can also be 
called an integer, a rational number, and a real number. 
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“NG is Sige A oe ae ai | bee Es ae Serer pat ei aa int ehh boise tg one k cine 
Write s asa decimal. . Write : as a decimal. Place a 
bar over the repeating digits 
of the decimal. 
Solution S =3-+20=0.15 Your solution 


Solution on p. S1 


Objective B | To convert between 


percents, fractions, and decimals 





yy 


“A population growth rate of 3%,” “a manufacturer's discount of 25%,” and 
“an 8% increase in pay” are typical examples of the many ways in which percent 
is used in applied problems. Percent means “parts of 100.” Thus 27% means 
27 parts of 100. 


In applied problems involving a percent, it may be necessary to rewrite a percent 
as a fraction or as a decimal, or to rewrite a fraction or a decimal as a percent. 


To write a percent as a fraction, remove the percent sign and multiply by —. 
1 Oa, 
27% = 27 = 
a ~ 100 
To write a percent as a decimal, remove the percent sign and multiply by 0.01. 


33% 3(0.01) 0.33 


Move the decimal point two places to 
the left. Then remove the percent sign. 


A ee or decimal can be written as a percent by multiplying by 100%. For 








| The decimal equivalent example, 2 is changed to a percent as follows: 

_ of 100% is 1.Therefore, 8 

' multiplying by 100% is 5 iS 500 1 
the same as multiplying — = = —(100%) = % = 62.5%, or 62= 9 
by 1 and does not 8 Z 
change the value of the | 3 , 

_ fraction. _ To write a decimal as a percent, multiply by 100%. 

5 = 2(1) = 2(100%) | 082 =  0,821100%) = 82% 


% 
: 





iid | Ss Move the decimal point two places to 
the right. Then write the percent sign. 





Example 2 You Try It 2 
Write 130% as a fraction and as a decimal. Write 125% as a fraction and as a decimal. 
Solution Your solution 

cee 
ee: 100 100°" 10 


130% = 130(0.01) = 1.30 
Solution on p. S1 
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Pe 3 he Try It 3 
Write 332% as a fraction. Write 165% as a fraction. 
Solution Your solution 
iss! (1) _ t00/ ea 
ee 3\ 100 3 \100)a 23 
limp 4 hs: Try It 4 
i Write es! as a percent. 
Write 2 as a percent. 16 p 
Solution Your solution 
500 
2 = (100%) = % = 83-—% 
ae 5 le Try It 5 
Write 0.027 as a percent. Write 0.043 as a percent. 
Solution Your solution 


0.027 = 0.027(100%) = 2.7% 
Solutions on p. S1 


To add or subtract rational numbers 





"Objective C_ 


Four of the 8 squares have dark shading. 





nee ; 4 
This is " of the entire rectangle. Three of fe z . <a 


the 8 squares have light shading. This 





is : of the entire rectangle. Thus 7 of the 
8 squares, or i, of the entire rectangle 


is shaded. 


Addition of Fractions 


To add two fractions with the same denominator, add the numerators and place the sum 
over the common denominator. 





To add fractions with different denominators, first rewrite the fractions as equiv- 
alent fractions with a common denominator. Then add the fractions. The com- 
mon denominator is the least common multiple (LCM) of the denominators. 
This is the smallest number that is a multiple of each of the denominators. It can 
be found by first writing each denominator as a product of prime factors. The 
LCM must contain the factors of each denominator. 


6S es Factors of 10 
Fazaearal 
LOS TC Mp = 235 50 


Factors of 6 
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ge. 273: 
=> Add: rar 


The LCM of 6 and 10 is 30. Rewrite each fraction as an equivalent fraction 
with a denominator of 30. Then add the fractions. 


| TAKE NOTE 

| The least common 

_ multiple of the i = 4 

_ denominators is ' oe) oe i ee eee es 1S eee 
_ frequently called the 6 10 30 30 30 30 FD 


- least common 
denominator (LCD). 


pauiiecceiaaniameet 


To subtract fractions with the same denominator, subtract the numerators and 
place the difference over the common denominator. 











Point of Interest => Subtract: -< - (-4) 
The LCM of 9 and 12 is 36. Rewrite each fraction as an equivalent fraction 
called the fing Papyrus. It with a denominator of 36. Then subtract the fractions. 
was discovered in Egypt in 1858 
but it is estimated to date back 4 7 16 21 (ory a 16 4 2 1 5 
to 1650 B.C. The Papyrus shows Eis Soy eae 26.8 36 =a Eya + 26 = 36 


that the earlier Egyptian 

method of calculating with 

fractions was much different To add or subtract decimals, write the numbers so that the decimal points are 
from methods used today. in a vertical line. Then proceed as in the addition or subtraction of integers. 


These early Egyptians used unit Write the decimal point in the answer directly below the decimal points in 
fractions which are fractions hero ent 
whose numerator is 1. All other Pp . 


fractions were represented in mp Add: —114.039 + 84.76 


terms of those fractions. For 


; a2. 114.039 e The signs are different. Find the difference 
instance, the fraction — 
11 — 84.76 between the absolute values of the numbers. 
was represented as 7 Be Ee 29.279 |—114.039| = 114.039; \84.76| = 84.76 
—114.039 + 84.76 © Attach the sign of the number with the larger 
= —29.279 absolute value. Because |—114.039| > |84.76|, use 
the sign of —114.039. 
Example a Be Try It ¥ 
we ial 
Subtract: + en Subtract: 2 Rear e 
Solution Your solution 
The LCM of 16 and 40 is 80. 
5 dg 2aioei 4s Per h Gee 
16 40 80 80 80 80 
Example 7 ei Try It 7 
eat we = Simplify: -2 —-2+3 


Solution Your solution 
The LCM of 4, 6, and 8 is 24. 


Sarit ty 18: 4.4 15 


—-—4---= oI 
eee be 42a 24 
ee ee 29 


24 724 24 


Solutions on p. S2 
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eee eee oe 


Solution 


42.987 — 98.61 


Your solution 


= 42.987 + (— 98.61) 
= —55.623 


Objective = To multiply or divide rational numbers © 1% 


TAKE NOTE | 


_ The method for dividing 
_ fractions is sometimes 

_ stated, “To divide 

_ fractions, invert the 

_ divisor and then 

_ multiply.” Inverting the 
_ divisor means writing 

_ its reciprocal. 


Solution on p. S2 





The product of two fractions is the product of the numerators divided by the 
product of the denominators. 


«> Multiply: . x “ 


Sidi cent inde) 
Sepalion Sela 


¢ Multiply the numerators. 
Multiply the denominators. 


© Divide the numerator and denominator 
by their common factors. 


1 1 
eee hoy eee 9 
222 hl oe 

1 1 
The reciprocal of a fraction is the fraction with the numerator and denomina- 
tor interchanged. For instance, the reciprocal of ; is >, and the reciprocal of _ 
is -2. To divide fractions, multiply the dividend by the reciprocal of the divisor. 


«> Divide: Ts ( 8) 


ary meek re 
1007 25 











© The signs are 


different, so 

as the quotient 

Per 5-35 eee is negative. 
2 3 De: 3 3 1 


To multiply decimals, multiply as with integers. Write the decimal point in the 
product in such a way that the number of decimal places in the product equals 
the sum of the number of decimal places in the factors. 


=> Multiply: —6.89 x 0.00035 


6.89 2 decimal places 
x 0.00035 5 decimal places © Multiply the absolute values. 
3445 
2067 
0.0024115 7 decimal places 


—6.89 X 0.00035 = —0.0024115 The signs are different. The product is negative. 
To divide decimals, move the decimal point in the divisor to the right so that the 
divisor becomes a whole number. Move the decimal point in the dividend the 
same number of places to the right. Place the decimal point in the quotient 
directly over the decimal point in the dividend. Then divide as with whole numbers. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


/TAKE NOTE | 


| Moving the decimal 


Multiply: : (- 


ae! 

10 
Solution 
The product is negative. 


3(-$)- Aes 7) = 0 
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> Divide: 1.32 + 0.27. Round to the nearest tenth. 


: point in the numerator 4.88 ~ 4.9 
_ and peletaiae fe 0. 27. )i. 32. 00 © Move the decimal point 2 places to the right 
_ same as multiplying the "oy : Aa : - 
een ea =108 in the divisor and then in the dividend. Place 
_ nominator by the same 240 the decimal point in the quotient directly 
_ number. For the problem | TG over the decimal point in the dividend. 
_ at the right, we have — 
aah 1.32 240 e Also note that the symbol ~ is used to 
Ppietiacee vee 0.27 eho indicate that the quotient is an approximate 
_ 32 100, 13274 24 value that has been rounded off. 
"027. 2008 =27) 
Example 9 je Try It 9 


Multiply: — s (3) 


Your solution 


1 1 
a pe PSS PS 

Bag : 

1 if 
Example 10 ha Try It hy 

Le eee eee panted Fay ieee 

Divide: 5 ( a Divide: at ( -) 
Solution Your solution 


The quotient is positive. 


oe n> ea 0" 5 30 
8 oS 


8 40 40 85 
1 1 1 1 
Ueda el ars Beno Mer 
Dee Diet ND 1 
ae ; Be er ge 
Example 11 You Try It 11 
Multiply: —4.29 x 8.2 Multiply: —5.44 x 3.8 
Solution Your solution 
Multiply the absolute values. 
The product is negative. 
—4.29 X 8.2 = —35.178 
i. 12 beer a 12 


Divide: —0.0792 ~ (—0.42) 
Round to the nearest hundredth. 


Solution 
Divide the absolute values. 
The quotient is positive. 


—0.0792 + (—0.42) = 0.19 


Divide: —0.394 + 1.7 
Round to the nearest hundredth. 


Your solution 


Solutions on p. S2 


30 
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. Objective E : 


To solve application problems 





One of the applications of percent is to express a portion of a total as a percent. 
For instance, a recent survey of 450 mall shoppers found that 270 preferred the 
mall closest to their home even though it did not have the same variety of stores 
as a mall farther from home. The percent of shoppers who preferred the mall 
closest to home can be found by converting a fraction to a percent. 
Portion preferring mall closest to home _ 270 

450 
= 0.60 = 60% 
According to the Congressional Budget Office, the U.S. federal budget surplus in 
2000 was $232.3 billion. The number 232.3 billion means 


232.3 X 1,000,000,000 = 232,300,000,000 
YY 


1 billion 





Total number surveyed 


Numbers such as 232.3 billion are used in many instances because they are easy 
to read and offer an approximation to the actual number. Such numbers are used 


in Example 13 and You Try It 13. 


oe ee eceeeeeecereesee see seers ee oes Heo OHO eo Hee OS HOOT HT E EES OOS 


Example 13 
“4, The circle graph shows the top five web 

~ properties in terms of the number of 
unique visitors during one week in the year 
2000. What percent of the visitors accessed the 
Yahoo! site? Round to the nearest tenth of a 
percent. 


2.9 million 















d.  AOL «> 
6.0 million | 





Lycos 
| 3.3 million 











Yahoo! 
4.8 million P 


Microsoft | 
\ 4.7 million” 


Source: Media Metrix, March 2000 


Strategy 
To find the percent of web visitors who 
accessed Yahoo!: 


e Find the total number of visitors to the top 
five web sites. 
e Divide the number of people who visited 


Yahoo! (4.8 million) by the total number of 
visitors. 


Solution 
6.0+48+4.74+3.3+2.9=271.7 


B57 = 93.10; 
Soe Ay eel aoe. 


Of the top five web sites, 22.1% visited Yahoo! 
during the given week. 


oe eos ecerece eee eee eae eee ee soe eee eee HE EE HEE HSER HEHEHE OBOE 


You Try It 13 

The bar graph below shows the projected 
= retail sales of e-books through 2005. Find 

the difference between projected e-book sales 

in 2005 and in 2002. 





Retail Sales 
($ billions) 
ag sa tee eat 
On OF. Un js) On 


S 








2000 2001 2002 2003 2004 2005 
Source: Andersen Consulting, Wall Street Journal, June 21, 2000. 


Your strategy 


Your solution 


Solution on p. S2 
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1.4 Exercises 







Objective A 


Write each fraction in simplest form. 


7 10 8 8 50 
i — 2. — = a ee 
21 15 2 0 >: 75 
20 12 36 0 12 
6. — —— cee gat pee 
44 8 Bg ae onic 
60 14 44 19 23 
iM. — 12, — — = eee 
100 45 66 aca eG 


Write as a decimal. Place a bar over the repeating digits of a repeating decimal. 


4 1 5 1 t 
fear ne aah 19;. — 20s 
16 5 17 6 18 z 3 3 
8 > Wh 11 

22. 9 23. ae 24. D 25: D 

15 mf 17 1 

<= 2 == wanes 30.25 

a 16 ae 18 +e 18 20 





Explain how to write a fraction as a percent. 


Write as a fraction and a decimal. 


334 15% 34. 40% 35. 64% 36. 88% cy ee WS 


38. 160% 39.) 19% 40. 87% 41. 5% 42. 8% 
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Write as a fraction. 










1 
43. 115% 44. 


48. —% 49. 


Write as a decimal. 


53. - 7.3% 54. 
58. 0.9% 59. 


Write as a percent. 


63. 0.15 64. 


68. 0.125 69. 


(Cea : 
50 74 
4 
18 
9 19: 
Objective C 
Simplify. 
Sey Saal 
Spaeel 2 


2 
a 
if 


% 


=%o 


9.1% 


93970 


83 


100 


co|N 


84. 


45. 


50. 


55: 


60. 


65. 


70. 


75. 


80. 


Nl Re 
+ 
co | Ww 


125% 


1 
675% 


15.8% 


J19S% 


0.05 


Wile 


85. 


46. 


51. 


56. 


61. 


66. 


71. 


76. 


81. 


co| U1 
| 


1 
375% 


83=-% 


16.7% 


121.2% 


0.02 


0.008 


co | Ww 


alu 


47. 


52: 


57: 


62. 


67. 


des 


JAR 


82. 


66 = % 


3 
54% 


0.3% 


18.23% 


O17 


0.004 


Ole 
fu 
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87. 


91. 


95. 


99. 


103. 


107. 


111. 


115. 


118. 


es ae 88. 
iS 

3 (-3) 92. 
-2 ~ (-4) 96. 
242-2 100. 
=-542 104. 
7.56 + 0.462 108. 
—13.092 + 6.9 142; 
—3.87 + 8.546 


=4 839 444.9 72327 


Section 1.4 / Operations with Rational Numbers 


SS Be 
6 6 9 ' 
ee 93 
De eZ ; 
Le me 
One Gi 9 ; 
ee | 101 
B's 4 ; 
3) be 
—+—-= : 
Kee Wome a4 ee 
1,09 + 62 109. 
24-— 326 113. 


116..).6:9027 = 17.692 


119. 


6 17 
— + ——— 
135 226 


i 5 
12 6 


| 
WIry 
+ 
n|R 


Nl eR 


alee On 


5.43 4+ 7.925 


LO BM2)'— 8275 


117. 


120. 


33 





98. 


co| 
ele 
NHN] 
N|R 


106. 


| 
| 
fie 


L105 * 3.13 S179 


114. 


= 6,92 —76,925 


209"= 6,72 =55.4: 


B07 = (2107) hn 


34 


121. 







124. 


130. 


133. 


136. 


£39: 


142. 


145. 


148. 


151; 


Objective D 


Chapter 1 / Real Numbers 


ho At 3 (433,09) — 7.93 


=(0.34 = (—4.35) =3:2 


Simplify. 


1.2(3.47) 


(6.9) (—4.2) 


122(— 0.5) (87) 


122. 


125: 


128. 


131. 


134. 


137. 


140. 


143. 


146. 


149. 


152% 


—3,09 — 4.6 — (=27.3) 


1512 S(O) 


|X 


(073)6.2 


1.06(—3.8) 


~2.4(6.1) (0.9) 


ZS: 


126. 


E29; 


132. 


135. 


138. 


141. 


144. 


147. 


150. 


153. 


2,.66¢— (4.66) = 8.2 


23 = (=34Oie 22 


12 tees. 
{> 42 
IS Wes 
Gade: 40 

ose 
izes 

(—1.89)(—2.3) 

—2.7(—3.5) 


2.3(—0.6) (0.8) 
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154. —1.2(—0.55)(1.9) 155. 0.44(—2.3)(—0.5) 156. —3.4(—22.1)(—0.5) 
157) 1,8(0:33)(—0.4) 158. 4.5(—0.22)(—0.8) 159. —24.7 + 0.09 


Simplify. Round to the nearest hundredth. 


1608 Soo SE 1-7) 161-5 9:07 2(=3:5) 162. 0.0976 = 0.042 
163. —6.904 + 1.35 164. —7.894 = (—2.06) 165. —354.2086 + 0.1719 
Objective E Application Problems 





166. When a U.S. company does business with another 
=] country, it is necessary to convert U.S. currency into 
"the currency of the other country. These exchange 
rates are determined by various factors. The exchange 
rates for some currencies during one day in December 

2000 are shown in the table at the right. 
a. If you sold goods worth 1.2 million U.S. dollars to 
China, how many renmimbi would you receive? 





b. How many U.S. dollars, to the nearest cent, are 
equivalent to 1 Irish punt? 


167. A survey asked 600 small business owners about the 
impact of the Internet on their businesses. The results 
are shown in the graph at the right. What percent of 
the owners responded that the Internet has helped 






business? Hurt 
business 
6 
168. The table below shows the first-quarter profits and Source: Dum & Bradstreet tn Infaworld, 
= ) losses for 2000 for three companies in the telecom- July 26, 2000 
' munications industry. Profits are shown as positive 


numbers; losses are shown as negative numbers. One- 

quarter of a year is 3 months. 

a. If earnings were to continue throughout the year at the same level, 
what would the annual earnings or losses be for Exodus Communi- 
cations, Inc.? 

b. For the quarter shown, what was the average monthly profit or 
loss for e.spire Communications, Inc.? Round to the nearest hundred 
thousand. 





Source: Income statements from individual companies 
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169. 


170. 


Chapter 1 / Real Numbers 


A May 2000 report by the Business Software Alliance and 
the Software & Information Industry Association detailed 
the estimated loss to piracy of software profits. The graph 
at the right shows the losses by region in billions of dollars. 

a. What was the percent increase in losses due to software 
piracy between 1994 and 1999 for Western Europe? 
Round to the nearest tenth of a percent. 

b. What was the percent decrease in losses due to soft- 
ware piracy between 1994 and 1999 for North America? 
Round to the nearest tenth of a percent. 

c. Which region had more than a 50% decrease in soft- 
ware piracy between 1994 and 1999? 








Losses to Software Piracy (in billions) 


According to the Federal Highway Administration, the average car is dri- 
ven approximately 10,300 mi per year and uses approximately 495 gal of 
gas. Assuming that the average cost of gasoline is $1.097 per gallon, 
which includes $.443 for all taxes, and that there are 1.53 million cars on 
the road, determine how much total tax is paid for gasoline in one year. 
(You may not need all the data given in this problem.) 


APPLYING THE CONCEPTS 


171. 


172. 


173. 


174. 


175. 


A magic square is one in which the numbers in every row, column, and 
diagonal sum to the same number. Complete the magic square at the 
right. 


If a and b are rational numbers and a < J, is it always possible to find a 
rational number c such that a < c < b? If not, explain why. If so, show 
how to find one. 


For each part below, find a rational number r that satisfies the condition. 
Aor = =F “Cor Sr 


In a survey of consumers, approximately 43% said they would be willing 
to pay between $1000 and $2000 more for a new car if the car had 
an EPA rating of 80 mpg. If your car now gets 28 mpg and you drive 
approximately 10,000 mi per year, in how many months would your sav- 
ings on gasoline pay for the increased cost of such a car? Assume the 
average cost for gasoline is $1.56 per gallon. 


Find three different natural numbers a, b, andc such that+ +14 lisa 
natural number. Climate sox 
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Objective A | 


Point of Interest 






tes (1596-1650) 

mathematician to 
> exponential notation 

extensively as it is used today. 

However, for some unknown 

reason, he always used xx 

for x’. 


Note the difference 
between (—2)* and —2*. 
(—2)4 = 16 

—24 = -16 


prmemennmnsorcacscetcsensent aoe 


eS O ROM IERRES ANS EONTRSNON 


TAKE NOTE 
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Exponents and the Order of 
Operations Agreement 


To evaluate exponential expressions 





Repeated multiplication of the same factor can be written using an exponent. 


2-2-2-2-2 = 2°<Exponent 


Base 


a:a:a:a=a'i Exponent 


Base 

The exponent indicates how many times the factor, which is called the base, 
occurs in the multiplication. The multiplication 2-2-2-2-2 is in factored 
form. The exponential expression 2° is in exponential form. 

2' is read “2 to the first power” or just “2.” Usually the exponent 1 is not written. 
2’ is read “2 to the second power” or “2 squared.” 

2° is read “2 to the third power” or “2 cubed.” 


2* is read “2 to the fourth power.” 


a’ is read “a to the fourth power.” 


There is a geometric interpretation of the first three natural-number powers. 





(eso met 
41=4 4? = 16 43 = 64 
Length: 4 ft Area: 16 ft? Volume: 64 ft? 


To evaluate an exponential expression, write each factor as many times as indi- 
cated by the exponent. Then multiply. 


=> Evaluate (—2)*. 
(2) (2) (—2)\(=2) (=2) 
= 16 





e Write —2 as a factor 4 times. 


© Multiply. 


=> Evaluate —2’. 
(2 22) 
—16 


e Write 2 as a factor 4 times. 


I 


© Multiply. 


38 





Objective B 


Chapter 1 / Real Numbers 


Let’s evaluate 2 + 3:5. 


To use the Order of Operations 
Agreement to simplify expressions 


ee 1 Evaluate —5’. hs Try It 1 Evaluate —6°. 
Solution =35°\ = (5.5 D) == spe Your solution 
ERE eS AND GeS Rae ea nee, 
Solution (—4)* = (—4)(—4)(—4)(-4) Your solution 
= 1250 
Fea rcrmaiesronel! euTichas Gene 
Solution (—3)? - 2? = (—3)(-3).< (2)(2)2) Your solution 
=9-8=72 ‘ 
; | Example 4 kz Try It 4 
3 2 
Evaluate ( 2) : Evaluate (- 2) 
2\3 2 Dy) ms : 
Solution (- z) = (- 2) (- 2) (- 2) Your solution 
Seal Deel re bebo 
aie te 27 
Bo 5 Evaluate —4(0.7). his Tryit5 Evaluate —3(0.3)’. 
Solution —4(0.7)? = —4(0.7)(0.7) Your solution 
= —2.8(0.7) = —1.96 


Solutions on p. S2 





There are two arithmetic operations, addition and multiplication, in this expres- 
sion. The operations could be performed in different orders. 


Multiply first. 


Then add. 


Pla ie 


2 aks 
UY 


1o7 


Add first. 2 Seno 
ae 
Then multiply. 5° 5 
25 


To prevent there being more than one answer for a numerical expression, an 
Order of Operations Agreement has been established. 


The Order of Operations Agreement 


Step 1 


Step 2 
Step 3 
Step 4 


Simplify exponential expressions. 
Do multiplication and division as they occur from left to right. 
Do addition and subtraction as they occur from left to right. 


Perform operations inside grouping symbols. Grouping symbols include paren- 
theses ( ), brackets [ ], braces { }, and the fraction bar. 
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=> Evaluate 12 — 24(8 — 5) + 2?. 


12 924(8 = 5) > .27 = 12 — 24(3) + 2? ¢ Perform operations inside grouping 


symhols. 
= 12 — 24(3) +4 ¢ Simplify exponential expressions. 
=12— 72 24 ¢ Do multiplication and division as 
they occur from left to right. 
= 12 —18 
= -—6 ¢ Do addition and subtraction as they 


occur from left to right. 


One or more of the above steps may not be needed to evaluate an expression. In 
that case, proceed to the next step in the Order of Operations Agreement. 








4+8 
‘zip = Ss 
Evaluate EEG (3-= 1) +2: 
4+8 12 ; 
Dien = {Gir bis rewe = = = PED ¢ Perform operations above and below 
the fraction bar and inside parentheses. 
=4-2+2 © Do multiplication and division as 
they occur from left to right. 
=2+2 © Do addition and subtraction as they 
occur from left to right. 
=4 


When an expression has grouping symbols inside grouping symbols, perform the 
operations inside the inner grouping symbols first. 


=> Evaluate 6 + [4 — (6 — 8)] + 2?. 


6 + [4 — (6 — 8)] + 2? =6 = [4— (—2)] + 2? ¢ Perform operations inside 


grouping symbols. 


6+6+ 2? 

(le en aia! © Simplify exponential 
expressions. 

1+ 4 ¢ Do multiplication and division 
as they occur from left to right. 

5 ¢ Do addition and subtraction as 


they occur from left to right. 


Ls Try it 6 


Example 6 


Evaluate (1.75 — 1.3)? + 0.025 + 6.1. 


Solution 

(1.75 — 1.39 + 0.025 + 6.1 
=(0.45) = 0.025 + 6:1 

02025 = 0.025 + 6! 

= 6. 1-46. 

= 14.2 


I 


Evaluate (6.97 — 4.72)* - 4.5 + 0.05. 


Your solution 


Solution on p. S2 
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‘ 
: 








Example 7 Try It 7 
Evaluate 4 — 3/4 — 2(6 — 3)] = 2. Evaluate 18 — 5[8 = 2(2 — 5)] + 10: 
Solution Your solution 


4 — 3[4 — 2(6 - 3)] +2 
=4-3[4-2-3]+2 
=4-3[4-6]+2 
= 4 -3[-2]+2 
=44+6+2 
=4+4+3 
=7 





eee oe eee e eee eres ose sree eo orxe Te FeO Keo HHO SESE HE ETO EHH OS O HEH Co HHO HE HOOT OHH EHH HSE O HHH OHHH HHO HEHEHE HEHE HHH HEHEHE HOE 


“You Try It 8 
Evaluate 27 + (5 — 2)? + (—3)?- 4. Evaluate 36 + (8 — 5)? — (—3)?- 2. 








Solution Your solution 
27 + (5 — 2)? + (-3)- 4 

= 27 + 3* + (-3)-4 

=27+9+9-4 

=3+9-4 

=3+ 36 

— 





‘Example 9 5 You Try It 9 











5 eh! 2\F 5 ee 7 

Evaluat : Eval : = : 

3 (2 | (2) oo Gee a iG 
Solution Your solution 


co | UI 

| 
a aS 
Cu) 

| 
Nl eR 
ee 

i 
ETS 
Ww] 
SS ee 
nN 


I 


| 


+ 


| 


I 


co|ur col colMm clu 
— 
s|- 


I 


(OS) tee 
TS es 
+ 


S| 


Lees eee 
40 20 


Solutions on pp. S2-S3 
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1.5 Exercises 


Objective A 
Evaluate. 
1 6 93s) eis 3. -7 4. -—4 So (32 
61-2) 7. (-3)4 8. (—-5)3 9. (5) 10. (-3) 
2 4 
- 4 2 2 1 a} 
112” (0:3) 12245) 13. (2) 53° 14. (-5) -8 15> 03) 70% 
162(0;5)* > 3° 17. (—3)-2? 18. (—5)- 3? 19. (—2)-(-2)/ 
20. (—2)-(-2) 21. 2°-3°-(-4) 22. (3) > 5? 10 23. .(=7),- 42.43? 
a D DNA Al A Bae 
BAL (=2) 92> (3) 25. 3 : a -3 26. a - (—4) - 23 27.8 4 3)2 5 


Objective B 





28. Explain why an Order of Operations Agree- 29. Write out the steps of the Order of Opera- 
© ment is necessary. © tions Agreement. 
“SA | 


Evaluate by using the Order of Operations Agreement. 


30 4 2/8 2 ie othe 32. 2G oy 
a3) 16-32 2 Oe MLS pe Bees) 35, 8) 3 2) 
86.8 = 2G) a7, ee 16-24 38. 124 16 429 
39.) lo 2 40. 27-18 + (—3?) AtswA ah 123 <2 
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42. 16+ 15+(-5)-2 43. 14-—2?-(4-7) 44, 3-28-@G-2)] 
45. —2?4+ 4[16 + (3 — 5)] 46. 6+ SS =p) AT. 244 3 a 5 — (—5) 
48. 96 + 2[12 + (6 — 2)] — 3? 49. 4[16 —(7-1)] = 10 50. 18+ 2-4? —(-3) 
51. 18 + (9 — 23) + (-3) 52. 16 —3(8-— 3 +5 53. 4(-8) + [2(7 — 3)] 
(—19) + (2) . wel ee ae 
54. ey ee) bio,  Wlleis— Gne a (=2) 56. (0.2) = C05) 4 272 
57. 0.3(1.7 — 4.8) + (1.2) 58. (1.8)? — 2.52 + 1.8 59. (1.65 — 1.05)? + 0.44 0.8 


3 (2 2 Ses 3\2 frye. 3 
(= 4 = | 62. (—) -(=] += 
60. = 342) a (2 23 4 oy ee 


APPLYING THE CONCEPTS 


63. The following was offered as the simplification of 6 + 2(4 — 9). 


a, Ot 214-19) = 6 + 2(=5) 
8(—5) 


= -40 


If this is a correct simplification, write yes for the answer. If it is incorrect, 
write no and explain the incorrect step. 


64. The following was offered as the simplification of 2 - 3°. 
a 23°67 = 216 


If this is a correct simplification, write yes for the answer. If it is incorrect, 
write no and explain the incorrect step. 
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eG Focus on Problem Solving 


Inductive Reasoning 


Suppose you take 9 credit hours each semester. The total number of credit hours 
you have taken at the end of each semester can be described by a list of numbers. 


DOr 2ee 30, AD, D403, va: 


The list of numbers that indicates the total credit hours is an ordered list of num- 
bers called a sequence. Each number in a sequence is called a term of the 
sequence. The list is ordered because the position of a number in the list indi- 
cates the semester in which that number of credit hours has been taken. For 
example, the 7th term of the sequence is 63, and a total of 63 credit hours have 
been taken after the 7th semester. 


Assuming the pattern is continued, find the next three numbers in the pattern 





CeO, A LS ee 
This list of numbers is a sequence. The first step in solving this problem is to 
observe the pattern in the list of numbers. In this case, each number in the list is 
4 less than the previous number. The next three numbers are —22, —26, —30. 
This process of discovering the pattern in a list of numbers is inductive reason- 
ing. Inductive reasoning involves making generalizations from specific ex- 
amples; in other words, we reach a conclusion by making observations about 
particular facts or cases. 
Try the following exercises. Each exercise requires inductive reasoning. 


Name the next two terms in the sequence. 


(VS Ee Seo 0 ake oa Oe PE Neg SER eae a ON ma 


Bablae, 4, 0, 11,..16;..5. 4: A, By G.G HI Ms. 


Draw the next shape in the sequence. 


OY gies coniawe 








6. |e lle lee lee lees 

Solve. 

7. Convert = =. =, = and - to decimals. Then use the pattern you observe to 
convert °., “, and “ to decimals. 
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1422 as 
33’ 38ris2 #30, 
8 13 
eee 


8. Convert 





and 4 to decimals. Then use the pattern you observe 


19 : 
to convert and a to decimals. 


@ Projects and Group Activities 


The Key ona_ Using your calculator to simplify numerical expressions sometimes requires use 
Calculator of the key or, on some calculators, the negative key, which is frequently 
“| shownas [©]. These keys change the sign of the number currently in the display. 

==  Toenter —4: 





° For those calculators with 4], press 4 and then elie 
¢ For those calculators with L©], press and then 4. 


Here are the keystrokes for evaluating the expression 3(—4) — (—5). 


Calculators with key: 3 4 > (ea 
Calculators with key: iy | SS |g ET Ss es 











This example illustrates that calculators make a distinction between_negative 
and minus. To perform the operation 3 — (—3), you cannot enter 3 lene 
This would result in 0, which is not the correct answer. You must enter 


3 3 Pela) soe — 2s Pariex a rrea| 
Use a calculator to evaluate each of the following exercises. 
Pe = 16432 223-8) 5.47 —(—9) 


4, 50 —"(— 14) 5a 4). 6.. —8 + 6) —¥ 


Moving Averages Objective 1.3C on page 20 describes how to find the moving average of a stock. 
Use this method to calculate the 5-day moving average for at least three different 
stocks. Discuss and compare the results for the different stocks. 





Stock 

ee 

Ao ge AS tt +90) For this project, you will need to use stock tables, which are printed in the busi- 

ABNOR = 188-525 08) ness section of major newspapers. Your college library should have copies of 

AEG = 52 962 GGT 19) these publications. In a stock table, the column headed “Chg.” provides the 

AGH O oe @ change in the price of a share of the stock; that is, it gives the difference between 

ACM Ml St 854.60 +.01] j i i i i 

ose +01}, the closing price for the day shown and the closing price for the previous day. 

y 99-43 ear ; : : 

Hae a @ an i The symbol + indicates that the change was an increase in price; the symbol — 
01) 99 9.60 —30| | i i . j ; 

ici 2 64 06) |) =indicates that the change was a decrease in price. 

AGL Res 108 131 2332 +.05| | 

AK Steel 25 169 11,90 —13 

AMB Pr 158 114 2552 +,02 

AMLI Rs 1.88 8823.71 11 

AMR 1055 =37.26 = —.68 


AMR Cp 





a) 407 7 24.85 L007 
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www.fedstats.gov Information regarding the history of the federal budget can be found on the 


World Wide Web. Go to the web site www.fedstats.gov. Click on “Fast Facts” and 
then on “Frequently Requested Tables.” In the list of tables printed to the screen, 
find the table entitled “Federal Budget - Summary.” Click on it. When the federal 
budget table appears on the screen, look for the column that lists each year’s sur- 
plus or deficit. You will see that a negative sign (—) is used to show a deficit. Note 
that it states near the top of the screen that the figures in the table are in millions 
of dollars. 


1. During which years shown in the table was there a surplus? 


2. During which year was the deficit the greatest? 


3. Find the difference between the surplus or deficit this year and the surplus or 
deficit 5 years ago. 

4. What is the difference between the surplus or deficit this year and the surplus 
or deficit a decade ago? 


5. Determine what two numbers in the table are being subtracted in each row 
in order to arrive at the number in the surplus or deficit column. 


6. Describe the trend of the federal deficit over the last 10 years. 


Chapter Summary 





Key Words 


A set is a collection of objects. The objects in a set are called the elements of : 
the set: lp. 3] é 


The roster method of writing sets encloses a list of the elements in braces. [p. 3] : 


The set of natural numbers is {1, 2, 3, 4, 5, 6, 7,...}. [p. 3] 





Thewet otzetegers is4s.., —4, —3) =2, —1,-0, 1,.2)3,44..}. lp: 3] 


A number a is less than another number b, written a < b, if a is to the left of b on = 
the number line. [p. 4] 


A number a is greater than another number b, written a > b, ifa is to the right of . 
b on the number line. [p. 4] 


The symbol = means is less than or equal to. The symbol = means is greater than « 
or equal to. [p. 4] 


Two numbers that are the same distance from zero on the number line but on : 
opposite sides of zero are opposite numbers, or opposites. The opposite of anum- - 
ber is also called its additive inverse. |p. 5] 


The absolute value of a number is its distance from zero on the number line. 
[pp. 5-6] 

a 
b 
not equal to zero. A rational number written in this form is commonly called a 
fraction. [p. 24] 


A rational number is a number of the form ©, where a and b are integers and b is - 
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Essential Rules 


A fraction is in simplest form when there are no common factors in the numera- 
tor and the denominator. [p. 24] 


The reciprocal of a fraction is the fraction with the numerator and denominator 
interchanged. [p. 28] 


An irrational number is a number that has a decimal representation that never 
terminates or repeats. |p. 24] 


The rational numbers and the irrational numbers taken together are called the 
real numbers. [p. 24| 


Percent means “parts of 100.” Thus 63% means 63 parts of 100 parts. [p. 25] 


An expression of the form a” is in exponential form, where a is the base and n is 
the exponent. [p. 37] 


To add two numbers with the same sign, add the absolute values of the numbers. 
Then attach the sign of the addends. |p. 9] 


To add two numbers with different signs, find the absolute value of each number. 


eeeeeee 


Subtract the smaller of the two numbers from the larger. Then attach the sign of : 


the number with the larger absolute value. |p. 9] 


To subtract two integers, add the opposite of the second integer to the first 
integer. [p. 10] 


To multiply two numbers with the same sign, multiply the absolute values of the 
factors. The product is positive. [p. 17] 


To multiply two numbers with different signs, multiply the absolute values of the 
factors. The product is negative. [p. 17] 


To divide two numbers with the same sign, divide the absolute values of the num- 
bers. The quotient is positive. [p. 18] 


To divide two numbers with different signs, divide the absolute values of the num- 
bers. The quotient is negative. [p. 18] 


Properties of Zero and One in Division [p. 19] Ifa#0,0+a=0. 
Ifa#+0,a+a=1. 
a~+1l=a. 

a + 0 is undefined. 


To convert a percent to a decimal, remove the percent sign and multiply by 0.01. 
lpr25 


To convert a percent to a fraction, remove the percent sign and multiply by aw 
[p. 25] 


To convert a fraction to a percent, multiply by 100%. [p. 25] 
To convert a decimal to a percent, multiply by 100%. [p. 25] 
The Order of Operations Agreement [p. 38] 


Step 1 Perform all operations inside grouping symbols. Grouping symbols 
include parentheses, brackets, braces, and the fraction bar. 


Step 2 Simplify any numerical expressions that contain exponents. 
Step 3 Do multiplication and division as they occur from left to right. 


Step 4 Do addition and subtraction as they occur from left to right. 


ees 


eeeen 
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11. 


13. 


15. 


iW7le 


“ Chapter Review 


Wddie 135 17 


Evaluate —5?. 


Place the correct symbol, < or >, between 
the two numbers. 
Ae 2 


Multiply: (—6) (7) 


Evaluate 15 - (6 — 4)’. 


Subtract: 5.17 — 6.238 


Write 2 as a decimal. Place a bar over the 


repeating digits of the decimal. 
Find the additive inverse of —4. 


Divide: —100 + 5 


10. 


12. 


14. 


16. 


18. 


Chapter Review 47 


no], ; 
Write 55 aS a decimal. 


Evaluate 5 — 2? + 9, 


Write 6.2% as a decimal. 


Given A = {—4, 0, 11}, which elements of set 
A are less than —1? 


Write 2 as a percent. 


Subtract: 9 — 13 


Divide: —32 + (—4) 


Write 795% as a fraction. 
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19. Evaluate —3? + 4[18 + (12 — 20)]. 20. Add: —3 + (—12) + 6 + (-4) 


aNe 
21. Write = as a percent. Write the remainder in 22. Evaluate (2) : 


fractional form. 


23. Multiply: 4.32(—1.07) 24. Evaluate —|—5]. 


ee a 
25. Subtract: 16 — (—3) — 18 26. Divide: -= +i 


27. Given C = {—7, 0, 9}, find the absolute value 28. Multiply: —9(—9) 
of each element of set C. 


574+ 11 
29. Place the correct symbol, > or <, between 30. Evaluate ee 


5 
the two numbers. id 
Sole 110) 


Bo a 0 


31. To discourage random guessing on a multiple-choice 
exam, a professor assigns 6 points for a correct 
answer, —4 points for an incorrect answer, and —2 
points for leaving a question blank. What is the score 
for a student who had 21 correct answers, 5 incorrect 
answers, and left 4 questions blank? Worldwide Third-Quarter PC Shipments 
in 2000 (in millions) 


32. The graph at the right shows the number (in millions) 
“of personal computers shipped worldwide in the third 
quarter of 2000. What percent of the total number of 
personal computers shipped did IBM ship? Round to 
the nearest tenth of a percent. 






Gateway 
1.4 


1.6 


33. The temperature at which mercury boils is 357°C. The Source: Dataquest, October 2000 
=) temperature at which mercury freezes is —39°C. Find 
* the difference between the boiling point and the freez- 
ing point of mercury. 
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11. 


13. 


Chapter Test 


Divide: —561 + (—33) 


Evaluate : - (4). 


Subtract: 16 — 30 


ane ARS 
Add: eral ae 


Multiply: —5(—6) (3) 


Evaluate (—3%) - 2’. 


Place the correct symbol, < or >, between 
the two numbers. 
—2 .-—40 


10. 


12. 


14. 


Chapter Test 49 


Ate ; ; : 
Write g aS a percent. Write the remainder in 


fractional form. 


Multiply: 6.02(—0.89) 


Write 375% as a fraction: 


LOS 2 


mene 


Evaluate 





Find the opposite of —4. 


Given B = {—5, —3, 0, 4}, which elements of 
set B are greater than 2? 


Evaluate —|—4|. 


50 


15. 


17. 


19: 


PAN 


23. 


Chapter 1 / Real Numbers 


Write 45% as a fraction and as a decimal. 


Multiply: —4 - 12 


Subtract: 16 — (—30) — 42. 


Write 1.025 as a percent. 


16. 


18. 


20. 


IDA. 


Add: =2277 144-8) 


Evaluate 16 + 2[8 — 3(4 — 2)] +1. 


ap pt Re a 
Divide: a Al :) 


Evaluate 3* — 4+ 20 +5. 


Write { as a decimal. Place a bar over the repeating digit of the decimal. 


9 


The table below shows the first-quarter profits and losses for 2000 for five 
companies in the health care industry. Profits are shown as positive 
numbers; losses are shown as negative numbers. One-quarter of a year is 


3 months. 


a. If earnings were to continue throughout the year at the same level, what 


would be the annual earnings for Genentech, Inc. ? 


b. For the quarter shown, what was the average monthly earnings for Isis 


Pharmaceuticals, Inc.? 





Source: Income statements from individual companies 


At the end of the trading day on February 12, the price of one share of 
IBM stock was $114.90. The change in the price of a share of IBM stock on 
February 13 was — $1.15. What.was the value of 100 shares of IBM stock on 


February 13? 
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Objectives 


Section 2.1 


A To evaluate a variable expression 


Section 2.2 
A 


i Need help? For online student resources, such as section 


B 
C 
D 


To simplify a variable expression using the 
Properties of Addition 


To simplify a variable expression using the 


Properties of Multiplication 

To simplify a variable expression using the 
Distributive Property ue 

To simplify general variable expressions 


Section 2.3 


A 
B 


( 


To translate a verbal expression into a 
variable expression, given the variable — 
To translate a verbal expression into a 
variable expression and then simplify 


To translate application problems — 


quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 





Suppose you have received a job opportunity in another city 
and you have been offered a salary that is almost twice what 
you are earning now. Is this too good to be true? Perhaps so, 
if the cost of living in that city is more than twice the cost of 
living in the city where you live now. One way to determine 
how expensive it is to live in a city is to check out the prices 
of homes in that area. Exercise 67 on page 74 shows how 
variable expressions can be used to compare and calculate 
such data. 


‘poatosaa sisi [py “Auedurog uryyy worysnoy © WYsUIAdoD ~ 


so that the difference between 


Ns 
n|s+ 
| 
Cy 
e) aR 
— N 
{ae} N 
= : | 
q 
| ic ° 
a O N | 
ff oO = + —a|N 
La “NN : | 
3 a | rea) In 
| : E E E ae 
ef a S S S| 
nel ~ = = =) ~ 
aay (40) — — — 
5 a @ Sy S 
Sa) > > ez 
A = cal Q ca] 
e e ° e oS 
N bo \o (o0) = 


. 
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e 
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e 
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e 
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e 
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e 
° 
e 
e 
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e 
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° 
e 
e 
° 
° 
e 
e 
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° 
° 
e 
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e 
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° 
. 
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e 
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e 
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a vaiaee 
ee pee > 


and 
any two successive fractions is the same. Find the sum of the four fractions. 


Two fractions are inserted between 





oe < oe 
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Objective A 


Point of Interest 






anuscripts indicate 
nal thematics is at least 
4000 years ‘old. Yet it was 

only 400 years ago that 
mathematicians started using 
variables to stand for numbers. 
The idea that a letter can stand 
for some number was a critical 
turning point in mathematics. 
Today, x is used by most 
nations as the standard letter 
for a single unknown. In fact, 
X-rayS were SO named because 
the scientists who discovered 
them did not know what they 
were and thus labeled them the 
“unknown rays” or x-rays. 
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Evaluating Variable Expressions 


To evaluate a variable expression 





Often we discuss a quantity without knowing its exact value—for example, the 
price of gold next month, the cost of a new automobile next year, or the tuition 
cost for next semester. Recall that a letter of the alphabet is used to stand for a 
quantity that is unknown or that can change, or vary. The letter is called a vari- 
able. An expression that contains one or more variables is called a variable 
expression. 


A variable expression is shown at Bue 
the right. The expression can be 
rewritten by writing subtraction as 
the addition of the opposite. 


SOV Laat ae 


3x” = (—5y) + 2xy + (—x) + (-7) 


Note that the expression has 5 
addends. The terms of a variable 
expression are the addends of the 
expression. The expression has 5 
terms. 


5 terms 





Bh.) Ve ey ee a ey 





Constant 
term 


Variable terms 


The terms 3x’, —5y, 2xy, and —x are variable terms. 


The term —7 is a constant term, or simply a constant. 


ee Numerical coefficient | 
Y y 


a + ZY, ew 


Variable part 


Variable expressions occur naturally in science. In a physics lab, a student may 


Each variable term is composed of a 
numerical coefficient and a vari- 
able part (the variable or variables 
and their exponents). 








When the numerical coefficient is 1 
or —1, the 1 is usually not written 
Ge—= 1 and. —~ 1%); 


discover that a weight of 1 pound will stretch a spring 5 inch. Two pounds will 
stretch the spring 1 inch. By experimenting, the student can discover that the dis- 
tance the spring will stretch is found by multiplying the weight by 7 By letting 
W represent the weight attached to the spring, the student can represent the dis- 


tance the spring stretches by the variable expression sw. 
With a weight of W pounds, the spring will stretch . _W= Ww inches. 


With a weight of 10 pounds, the spring will stretch 5 ~- 10=5 inches. The num- 


ber 10 is called the value of the variable W. 


: ia 
With a weight of 3 pounds, the spring will stretch : -3= LS inches. 
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Replacing each variable by its value and then simplifying the resulting numeri- 
cal expression is called evaluating the variable expression. 


= Evaluate ab — b? whena = 2 and b = —3. 





Replace each variable in the expression by its value. Then use the Order of 
Operations Agreement to simplify the resulting numerical expression. 


See the appendix “Guidelines 
for Using Graphing Calculators” 
for instructions on using a 
graphing calculator to evaluate 
variable expressions. 


ab — b? 
Di =53) 





(-3 = -6 -9 
=-15 


When a = 2 and b = —3, the value of ab — b? is —15. 









Solution 


expression 2a” — 5a + 7. 


2a? and —5a 








“Example 1 Name the variable terms of the oF Try It 1 Name the constant term of the 


expression 6n? + 3n — 4. 
Your solution 


8 


ye oe ee eee eres eeee reese ecreseeoeeeereeseeoeeereeeeseereseeseeeopeeesocevrers ee ooeeoereerereoeeeeeeeeeooseeneeeeeeeseeeereseoecs 








‘Example 2 Evaluate x* — 3xy when x = 3 and “You Try It 2 Evaluate 2xy + y? when x = —4 
y= 4, and y = 2. 
Solution ae = B98) Your solution 
3* — 3(3)(—4) = 9 — 3(3)(—4) 
=9 — 9(—4) 
= 9 — (—36) 
=9+ 36=45 
‘Example 3 You Try It 3 
a —b? a + b? 
Evaluate — 5 when Evaluate when a = 5 and 
a Oe 19) 
a=3 andb= —4. (je oy 
a’ = b? 
Solution Your solution 
GD 






ey  @ 0 8).0\ ©) C.6))0; 4) 6 10:6 0 06:0 0 6 6) 6 6 4 0 0 60 10 6-0 © 06 sie. 0 6 © 6 0 0.0 6 0 6686 6 06-0 ome 


‘Example 4 


3°-(-47 9-16 
3-(-4) 3-(-4) 
_=7 
Rigs 


Evaluate x* = 3(7 = y) = z? 
when x = 2, y = —1, and 








iO: 0 8) (A'S 6) e 8 fe; ©) jee) 6ie 0) @)- ie in ie) @\ 0) 0. (e) (0/0. .6.Je'-0 \6 6 ee ee es) wo. 6: leila) 6 te site wieriei alle 


“You Try It 4 Evaluate x? — 2(« + y) + z? when 
x=2,y = —-4, andz = —3. 





23: 
Solution = x* — 3(x — y) — 2? Your solution 
eae ee 
22 3G) 22 
= 4 — 3(3) -9 
=4-9-9 
=-5-9 
Si 


Solutions on p. S3 
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2.1 Exercises 
Objective A 

Name the terms of the variable expression. Then underline the constant term. 

1. 2x?+ 5x -—8 2. —-3n?-4n+7 3. 6-a’‘ 
Name the variable terms of the expression. Then underline the variable part of each term. 

4. 9b? —4ab+a@’ 5. 7x*y + 6xy? + 10 6. 5 — 8n — 3n’? 
Name the coefficients of the variable terms. 

7. x? -—9x+4+2 8. 12a’ — 8ab — b? 9, nW-4n?-n+9 
10. What is the numerical coefficient of a vari- 11. Explain the meaning of the phrase “evalu- 


@, able term? © ate a variable expression.” 
SSA Ry a 


Evaluate the variable expression when a = 2, b = 3, andc = —4. 


12. 3a+2b 13. a-—2c 14. —a’ 


P5.e2e: 16. —3a + 4b 17. 3b5=3e 


183) — 3 19>>-=3c +4 207 iG (Ze) 

21 6p = (a) 22. bc + (2a) 23. b* — 4ac 

24. a’? — dD’ 25 b= Co 26. (a+ by 

2Te a eb 28. 2a—(ct+ay 29. (b-— a)’ + 4c 

30. b?- — A eee 32. (b — 2a)? + be 
8 6 
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Evaluate the variable expression when a = —2,b = 4,c = —l, ang @ =s3" 

bt+e d—b 2d+b 

4. 35. 

oa 3 , —a 

b + 2d b-d 2e =a 

4 38. 
36. — 21 es —ad 
39. (b+ d)— 4a 40. (d—a) — 3c AL (Gay 
b — 2a y= a 

42. 3(b 7 a) SDE 43. Reise 44. ie ar 

at Py 2) 2 5 A ee —4be 
45. 42° ——b 46, 44 —e Aly ae 

ae re , ; 
48. ——b+=(ac + bd) 49. ——d —-——(bd - ac) 50. (b-—a)’=— deer) 
4 D 3 D 

51. The value of z is the value of a? — 2a when a = —3. Find the value of z?. 
52. The value of a is the value of 3x* — 4x — 5 when x = —2. Find the value 

of 3a — 4. 
53. The value of c is the value of a? + b? when a = 2 and b = —2. Find the 

value of c? — 4. 
APPLYING THE CONCEPTS 
Evaluate the following expressions for x = 2, y = 3, andz = —2. 
54. 3*- x 55. 56. x*-y 57, y*) 


58. For each of the following, determine the first natural number x, greater 
than 1, for which the second expression is larger than the first. 


ee a ge bax + , 6 5? d. x°, 6” 


59. On the basis of your answer to Exercise 58, make a conjecture that 
appears to be true about the expressions x” and n*, where n = 3, 4, 5, 6, 7, 
... and x is a natural number greater than 1. 
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| Objective A | 


Here is an example of 

the Distributive 

Property with just 

numbers. 

2(5 + 9) = 2(5) + 29) 
= 10+ 18 = 28 


This is the same result 
we would obtain using 
the Order of Operations 
Agreement. 

2(5 + 9) = 2(14) = 28 
The usefulness of the 
Distributive Property 
will become more 
apparent as we explore 
variable expressions. 


Simplifying an 
expression means 
combining like terms. A 
constant term (5) and a 
variable term (7p) are 
not like terms and 
therefore cannot be 
combined. 





TAKE NOTE 
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Simplifying Variable Expressions 


To simplify a variable expression 
using the Properties of Addition 





Like terms of a variable expression 
are terms with the same variable part. 
(Because x7 =x -x,x° and x are not 
like terms.) 


Bye ap A Te Se 


Constant terms are like terms. 4 and 9 


are like terms. Like terms 





To simplify a variable expression, use the Distributive Property to combine 
like terms by adding the numerical coefficients. The variable part remains 
unchanged. 


Distributive Property 


lf a, b, and c are real numbers, then a(b + c) = ab+ ac. 





The Distributive Property can also be written ba + ca = (b + c)a. This form is 
used to simplify a variable expression. 


Pee BiG NO ae 5) ie 


To simplify 2x + 3x, use the Distributive Property aes 


to add the numerical coefficients of the like variable 
terms. This is called combining like terms. 


=> Simplify: 5y — 1ly 


Sy i= Go Thy 
= —6y 


e Use the Distributive Property. 


=> Simplify: 5 + 7p 
The terms 5 and 7p are not like terms. 


The expression 5 + 7p is in simplest form. 





The Associative Property of Addition 
If a, b, and c are real numbers, then(a + b) + c=a+ (b+ C). 





When three or more terms are added, the terms can be grouped (with parenthe- 
ses, for example) in any order. The sum is the same. For example, 


(3x + 5x) + 9x = 3x + (5x + 9x) 
8x + 9x = 3x + 14x 
7x = 17x 


(5+ 7)+15=5+(7 + 15) 
124+ 15=54+ 22 
2 = 27 
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Ea: 1 


Solution 


eet 2 Simplify: x? — 7 + 4x? — 16 “You Try It 2 Simplifjyy—3y" + 7 + By? = 14 


Solution 





The Commutative Property of Addition 





lf aand b are real numbers, thena + b= b+ a. 


When two like terms are added, the terms can be added in either order. The sum 
is the same. For example, 


1S 28 ea Sc S Dy tte An) = aye Oy 
—-13 =—-13 2 = Dy 


The Addition Property of Zero 


lf ais areal number, thena+0=0+ a= a. 





The sum of a term and zero is the term. For example, 


-9+0=0+ (-9)=—9 54 +0=0+ 5x = 5x 


The Inverse Property of Addition 


If ais areal number, then a + (—a) = (—a) + a= 0. 





The sum of a term and its opposite is zero. The opposite of a number is called its 
additive inverse. 


12+ (12) =(= yi? = 0 TO (Tx) = See aie 


=> Simplify: 8x + 4y — 8x + y 


8x + 4y — Bx +y ¢ Use the Commutative and 
= (8x — 8x) + (4y + y) Associative Properties of Addition to 
rearrange and group like terms. 
= (0+ 5y = 5y ¢ Combine like terms. 


= Simplify: 4x? + 5x — 6x? — 2x + 1 


4x? + 5x — 6x? — 2x + 1 ¢ Use the Commutative and 
= (4x? — 6x”) + (5x — 2x) + 1 Associative Properties of Addition to 
rearrange and group like terms. 
= —Jy? + 3x + 1 ¢ Combine like terms. 
Simplify: 3x + 4y — 10x + 7y Re Try It 1 Simplify: 3a — 2b — 5a + 6b 


Sa ay = DO yee hy Your solution 





eee ere reece sree esc eee oe eee eee eee oe eee oe Hag! (0) 9° 16.501; @l\e: '6; 10: je Bis! S\e, 6) 6.16.0) 8) 10.010) 16| (ee 650616 lee) ‘6 (6 «0161.6 616).6) 6/0) s) S)elielceie) itera ne. 


x? — 74+ 4x? — 16 = 5x? — 23 Your solution 


Solutions on p. S3 
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| TAKE NOTE 


' The Associative Property 
of Multiplication allows 
us to multiply a 

_ coefficient by a number. 

_ Without this property, 

_ the expression 2(3x) 

_ could not be changed. 


Objective B 


TAKE NOTE 


The Commutative 
Property of Multi- 
plication allows us to 
rearrange factors. This 
property, along with the 


arernesrecssseseerbatsteeit 


Associative Property of 


Multiplication, allows us 


' to simplify some 
_ variable expressions. 


|TAKE NOTE | 


| We must state that 
_ x # 0 because division 
__ by zero is undefined. 


Section 2.2 / Simplifying Variable Expressions 59 


To simplify a variable expression 
using the Properties of Multiplication 





In simplifying variable expressions, the following Properties of Multiplication 
are used. 


The Associative Property of Multiplication 


If a, b, and c are real numbers, then (a: b)- c= a: (b- c). 





When three or more factors are multiplied, the factors can be grouped in any 
order. The product is the same. 


3(5 - 6) = (3: 5)6 2(3x) = (2 - 3)x 
3(30) = (15)6 Ox = 0% 
90 = 90 


The Commutative Property of Multiplication 


lf aand bare real numbers, then a: b= Db: a. 





Two factors can be multiplied in either order. The product is the same. 


5 7)= —71) (5x): 3 =3- (5x) ¢ Commutative Property of Multiplication 
=35) = =35) = (3-5)x e Associative Property of Multiplication 
= 15x 


The Multiplication Property of One 


If ais areal number, thena-1=1-:a=a. 





The product of a term and one is the term. 


9-1=1-9=9 (8x): 1=1- (8x) = 8x 


The Inverse Property of Multiplication 


lf ais a real number, and ais not equal to zero, then 


“a= 1 





! is called the reciprocal of a. + is also called the multiplicative inverse of a. 
a a 


The product of a number and its reciprocal is one. 


7: T= x: 


Z. styl. 
(al 
The multiplication properties just discussed are used to simplify variable 
expressions. 


= Simplify: 2(—x) 


2(—x) = 2(-1 - x) © Use the Associative Property of 
en (8) |x Multiplication to group factors. 
= —2x 
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32k 
= Simplify: —| — 
Simplify 3( 3 
BHeK Sez rn 2x 2 
6 S| Note that — = —x. 
3( 3 3(25) 33 
3.2 ne 
== || ak 3 a e Use the Associative Property of 
é Multiplication to group factors. 
=1-x 


«> Simplify: (16x)2 


(16x)2 = 2(16x) e Use the Commutative and 
= (27 16)x Associative Properties of 
= 32x Multiplication to rearrange and 


group factors. 










ee ereereoerer eer e ve oece eee ose c oes essere eseosroes esos eee ees oH oaeoeeseevoese eos eee eee eT HE OBE EHH HEHEHE EH EH EHO HEHEHE HOE 


xample 3 Simplify: —2(3x’) “You Try !It3 Simplify: —5(4y’) 


Solution —2(3x?) = —6x? Your solution 





peewee cee oc er oer ees ears ese ee oeosresereeeseessosesroeoeseoese 


Simplify: —5(— 10x) “You Try it 4 Simplify: —7(— 2a) 


eeee eee ee eso eee ee eee eo ee eee eH eoeeeresee oe eee eee oe ee oe 





Solution —5(—10x) = 50x Your solution 





eeecececee reo oe se ee ere eee ose eeeoeereeeresceeoe ere ee eeoe se cihooeeeeeres eee eC oo ee oe Zoos ee eo ooo eo OEE OOOOH ETO MOREE EE 


“Example 5 Simplify: (6x)(—4) “You Try It 5 Simplify: (—5x\(— 2) 


Solution (6x)(—4) = —24x Your solution 


Solutions on p. S3 





To simplify a variable expression 
using the Distributive Property 





Recall that the Distributive Property states that if a, b, and c are real numbers, 
then 


a(b +c) =ab+ac 


The Distributive Property is used to remove parentheses from a variable 
expression. 
mp Simplify: 3(2x + 7) 


3(2x + 7) = 3(2x) + 3(7) ° Use the Distributive Property. 
Seem Sy Multiply each term inside the 
parentheses by 3. 
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—5(4x + 6) 


I 


(42) + 1(=5)(6) © Use the Distributive Property. 
= ~20x — 30 


«> Simplify: —(2x — 4) 


Sige 4) = 124) @ Use the Distributive Property. 
oe 2) een 1 )(4) 
= ee at 


Note: When a negative sign immediately precedes the parentheses, the sign of 
each term inside the parentheses is changed. 


1 
«> Simplify: ~ 5 (8x 2 12y) 


I 


1 1 1 
= 5 (8x — 12y)= - 5 (84) = (- ;) (12y) ° Use the Distributive Property. 


—4x + 6y 


An extension of the Distributive Property is used when an expression contains 
more than two terms. 


=» Simplify: 3(4x — 2y — z) 
84x 2y 2) = 34x) — 3Cy) — 3) © Use the Distributive Property. 





=a ear OV. 20k 

f Example 6 “You Try It 6 
Simplify: 7(4 + 2x) Simplify: 5(3 + 7b) 
Solution Your solution 
7(4 + 2x) = 284+ 14x 

‘Example 7 “You Try It 7 
Simplify: (2x — 6)2 Simplify: (3a — 1)5 
Solution Your solution 
(2x — 6)2 = 4x — 12 

i Example 8 “You Try It 8 
Simplity; —3(— 5a + 7b) Simplify: —8(—2a + 7b) 
Solution Your solution 


—3(—5a + 7b) = 15a — 21b 


Solutions on p. S3 
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Example 9 Simplify: 3(x? — x — 5) 


Solution 32 — x — 5) = 32° = 3x 15 


Sele Oe 1e ee BR Se, Kee ve ) 1S Od 6 8 Ee. 0.6 0 Ue 01016 Sk 6 Bie 0s 8 © Bee a ee. 6 


Example 10 Simplify: —2(x? + 5x — 4) 


Solution —2(x? + 5x — 4) 
= —2x7 -— 10x + 8 


0 0 0 ah 0 6 0 6 06 6 ae 6 6 5 0 se 08 6 6 86 © 6 0.0 60 0 6 0 68 610 6 10 8 Bie O10 06 6 00 006) 6 8 


You Try it10 Simplify: 3(—a’* — 6a + 7) 


Your solution 


Solutions on p. S3 





Objective D To simplify general variable expressions «23 


When simplifying variable expressions, use the Distributive Property to remove 
parentheses and brackets used as grouping symbols. 


= Simplify: 4 — y) — 2(—3x + 6y) 


Aly) =-2(— 3x + by) 
= 4x — 4y + 6x — 12y 


= 10x — 16y 


eee eee eee reer eee ee ee eres eeeeeeeeeeesreesreseseeeerere 


Example 11 Simplify: 2x — 3(2x — 7y) 


Solution Be Ax iV) 2X Ox 2 ly 


laa essa: & 


Pewee ee reer eeeereseeeesresresreeeseeeeeeseeseeeseseneeecs 


Example 12 Simplify: 
T(x — 2y) — (=x - 2y) 


Solution yy (4 Dy) 
ate Sie ae 1 2y 
= ox — 12y 


NEeLe CLO LR TOTS 0. 0-6, 0)(81 6) 678-68 600.8) 8S @ B66 e).0le else 6 04 ki 6 6:6 e710 se uae 6.6 


Example 13 Simplify: 
20 = 3i2x =a 7) 


Solution 2X =. 3| 20 = 36 -+°7)] 


= 2x = S26 =e | 
= 25 = Shae oy 

= 2x + 3x + 63 

= 5x 65 


Cee eee eee ere e eee esses ee seer osr eee eeeoene 


e Use the Distributive Property. 


e Combine like terms. 


ee Try 11 ©. Simplify: 3y = 2 — 7x) 


Your solution 


he Try t12 Simplify: 


Your solution 


ee eer eee eo eee oe eee 


“You Try it 13 = Simplify: 


sy = 2h 4 sy 


Your solution 


Solutions on p. S3 
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2.2 Exercises 


Objective A 


1. 


Zi 


30. 


33. 


36. 


What are like terms? Give an example of two 


Simplify. 

37. (60 728% 

7. 4y + (—10y) 
titi + 174 
Sen ky el xy 
jh is 5 = = 
250 i OK 


—5x? — 12x? + 3x? 


By + (—10x) + 8x 


3a + (—7b) — 5a+b 


12. 


16. 


20. 


24. 


3y + (=122) — Ty + 2y 


© like terms. Give an example of two terms 
~ 4 that are not like terms. 
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2. Explain the meaning of the phrase “simplify 
a the variable expression.” 
ve 13x 3», Ia 40 6. WH Zatae3a 
8y + (—6y) 97 7 30 10. 5+ 2a 
=—3a + 124 13, 5ab— 7ab 14. 9ab — 3ab 
—15xy + 3xy 17 —3ab + 3ab 18. —7ab + Tab 
=y ay Mi, 23% +426 22. 6.1y — 9.2y 
0.65A —A ZA 0 tte 26. 10a —I/a ¥ 3a 
28. —y’ — 8y? + 7y’ 29. 7x + (—8x) + 3y 


CHING recs 5 cg roll UU 32. 
34. -—5b + 7a — 7b + 12a 35. 
37. x2 — 7x + (-5x?) + 5x 38. 


Sy +181 — oy 


34: + (—8y), — 10% + 46 


3x2 + 5x — 10x? — 10x 
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Simplify. 

39, 4(3x) 40. 12(5x) 41. —3(7a) 42, —2(5a) 43. —2(-3y) 

44, —5y(—6y) 45. (4x)2 46. (6x)12 47. (3a)(—2) 48. (7a)(-4) 

49. (—3b)(—4) 50. (12h oe «81. 5x2) 52)! —8(7x2) 53. = 3x") 
ic 1 1 1 1 

54. —(6x*) S5itrsi5a) 56. = (8) 57ers 20) 58. 5 

BON TH) pe ob) Biel 62. (12x) { 6a ei 
7 eG 3 2 PN eae 

64. (10-4 65. +(9x) bon i 67. -+(10x) 68) = ies 

10 we ee nog See ae 

ae en a 1 3 

oo ee 022) 70. ~= (24a) TAS imo) te 2 ay ent) 73. ae»(4) 


1 
74. 33(-] 75. -on(4) 76. (100) (2) 77: (-8a)(~3) 78. 2ip(-3) 





_ Objective C | 
Simplify. 
1 SC) 80. —(x +7) 81. 2(4x% — 3) 82. 5(2x — 7) 
855m 2G 4 7) 84. —5(a + 16) 85. —3(2y — 8) 86. —5(3y — 7) 
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S726,— Soyi 38:, (10 7b)2 89. 5 (6 — dy) 90. 5 (-80 + 4y) 
91. 3(5x? + 2x) 92. 6(3x? + 2x) 93. —2(-y + 9) 94. -—5(—2x + 7) 
9529 (-3x — 6)5 S6q0-2 6 97. 2(—3x? — 14) 98) 5(—67- = 3) 
99. —3(2y? — 7) 100. —8(3y? — 12) 101. 3(x? —y’) 102. 5(x? + y) 
103. -= (6x — 18y) 104. -50 — dy) 105. —(6a2 — 7h?) 
106. 3(x* + 2x — 6) 107. 4(«? — 3x + 5) 108. —2(y? — 2y + 4) 
109. 5 (2x — 6y + 8) 110. -5 (6x — 9y + 1) 111. 4(—3a? — 5a + 7) 
112. —5(-—2x* — 3x + 7) 113. —3(—4x? + 3x — 4) 114. 3(2x? + xy — 3y’) 
115. 5(2x? — 4xy — y’) 116. —(3a? + 5a — 4) 117. —(8b? — 6b + 9) 


Objective D 
Simplify. 


118. 4x — 2(3x + 8) 119. 6a ~ (5a + 7) 120. 9 — 3(4y + 6) 


1201043) 122s 7 22) 123. 98 — (12.4 4y) 
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124, 3(x + 2) — 5(x — 7) 125. 2(x — 4) — 4(x + 2) 126. 12(y — 2) + 3(7 - 3y) 
127. 6(2y — 7) — (3 — 2y) 128. 3(a—b)- (a+b) 129. 2(a + 2b) - (a - 3b) 
130. 4[x — 2(x — 3)] 131. 2[x + 2% +7)] 132. —2[3x + 2(4 — x)] 
133. —5[2x + 3(5 —x)] 134, —3[2x — (x + 7)] 135. —2[3x — (5x — 2)] 


136. 2x — 3[x -— (4 —-x)] 137. —7x + 3[x —3-= 2x)] 138. —5x — 2[2x — 4(x + 7)] —6 


APPLYING THE CONCEPTS 


139. Determine whether the statement is true or false. If the statement is 
false, give an example that illustrates that it is false. 
a. Division is a commutative operation. 
b. Division is an associative operation. 
c. Subtraction is an associative operation. 
d. Subtraction is a commutative operation. 


140. Is the statement “any number divided by itself is 1” a true statement? If 
not, for what number or numbers is the statement not true? 


141. Does every number have a multiplicative inverse? If not, which real 
number or numbers do not have a multiplicative inverse? 


» 142. In your own words, explain the Distributive Property. 


143. Give examples of two operations that occur in everyday experience that 
© are not commutative (for example, putting on socks and then shoes). 


144. Define an operation ® as a®b=(a:b)-(a@+b). For example, 
785 =(7:5) —(7 + 5) = 35 — 12 = 23. 
a. Is ® a commutative operation? Support your answer. 


b. Is © an associative operation? Support your answer. 
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Objective A 





Poit it of Interest 

in which expressions 
are Syt olized has changed 
over time. Here are how some 
of the expressions shown at 
the right may have appeared in 
the early 16th century. 

R p. 9 for x + 9. The symbol R 
was used for a variable to the 
first power. The symbol p. was 
used for plus. 

R m. 3 for x — 3. The symbol 
R is still used for the variable. 
The symbol m. was used for 
minus. 

The square of a variable was 
designated by Q and the cube 
was designated by C. The 
expression x? + x? was written 
Qp.C. 
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Translating Verbal Expressions 
into Variable Expressions 


To translate a verbal expression into a 
variable expression, given the variable 





One of the major skills required in applied mathematics is to translate a verbal 
expression into a variable expression. This requires recognizing the verbal 
phrases that translate into mathematical operations. A partial list of the ver- 
bal phrases used to indicate the different mathematical operations follows. 


Addition 


Subtraction 


Multiplication 


Division 


Power 


»» Translate “14 less than the cube of x” into a variable expression. 


14 less than the cube of x 


aN. 


added to 
more than 
the sum of 
increased by 
the total of 


minus 
less than 
decreased by 


the difference 
between 


subtract...from... 


times 


twice 


of 


the product of 
multiplied by 


divided by 
the quotient of 


the ratio of 


the square of 
the cube of 


6 added to y 

8 more than x 

the sum of x and z 
t increased by 9 
the total of 5 and y 


x minus 2 
7 less than t 
m decreased by 3 


the difference 
between y and 4 


subtract 9 from z 


10 times t 


twice w 


one-half of x 


the product of y and z 
y multiplied by 11 


x divided by 12 
the quotient of y and z 


the ratio of t to 9 


the square of x 
the cube of a 


e Identify the words that indicate the 


mathematical operations. 


© Use the identified operations to 
write the variable expression. 


Wi Eee 
Hom 6) 
Goes ne 
pees) 
ay 


Go = 
t—7 
m— 3 


y-4 
Zi 9 


lly 


wolm NI<S 
| Sel 


i) 


be 
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Translating a phrase that contains 
the word sum, difference, product, 
or quotient can sometimes cause a 
problem. In the examples at the 
right, note where the operation 
symbol is placed. 


Pee = 
the sum of x and y 
nt he th 
the difference between x and y 


bat OF SS 7 
the product of x and y 


an = 
the quotient of x and y 


SS 


= 


> Translate “the difference between the square of x and the sum of y and z” into 


a variable expression. 


the difference between the square of 


x and the sum of y and z 





© Identify the words that indicate the 


mathematical operations. 


Ko (y EZ) © Use the identified operations to 
write the variable expression. 

Example 1 You Try It 1 
Translate “the total of 3 times 7 and n” into a Translate “the difference between twice n and 
variable expression. one-third of n” into a variable expression. 
Solution Your solution 
the total of 3 times n andn 
Sige 
Example 2 = You Try It 2 
Translate “m decreased by the sum of n and Translate “the quotient of 7 less than b and 15” 


12” into a variable expression. © 


into a variable expression. 


Solution Your solution 


m decreased by the sum of m and 12 
Ve Aaa 2) 


Objective B To translate a verbal expression into a 


variable expression and then simplify 


Solutions on p. S3 





In most applications that involve translating phrases into variable expressions, 
the variable to be used is not given. To translate these phrases, a variable 
must be assigned to an unknown quantity before the variable expression can 


be written. 
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=» Translate “a number multiplied by the total of six and the cube of the num- 
ber” into a variable expression. 


the unknown number: n 


the cube of the number: 172 


® Assign a variable to one of the 
unknown quantities. 


© Use the assigned variable to write 


the total of six and the cube an expression for any other 


of the number: 6 + 73 


n(6 + n°) 


unknown quantity. 


® Use the assigned variable to write 
the variable expression. 


i. 3 ae Try It 3 


Translate “a number added to the product of 
four and the square of the number” into a 
variable expression. 


Solution 

the unknown number: 1 

the square of the number: n? 

the product of four and the square of the 
number: 41” 

4n? +n 


Translate “negative four multiplied by the total 
of ten and the cube of a number’ into a 
variable expression. 


Your solution 


i 4 Be Try It 4 


Translate “four times the sum of one-half of a 
number and fourteen” into a variable 
expression. Then simplify. 


Solution 

the unknown number: n 

one-half of the number: sn 

the sum of one-half of the number and 


fourteen: sn + 14 


1 
a(n ae 14) 
2H + 50 


Translate “five times the difference between a 
number and sixty” into a variable expression. 
Then simplify. 


Your solution 


Solutions on p. S4 
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‘Objective C To translate application problems 
Many of the applications of mathematics require that you identify the unknown 


quantity, assign a variable to that quantity, and then attempt to express other 
unknown quantities in terms of the variable. 


m The height of a triangle is 10 ft longer than the base of the triangle. Express 
the height of the triangle in terms of the base of the triangle. 





the base of the triangle: b ¢ Assign a variable to the base of the 
triangle. 
the height is 10 more than e Express the height of the triangle in 
b the base: b + 10 terms of b. 
i Example 5 You Try It 5 
The length of a swimming pool is 4 ft less than The speed of a new jet plane is twice the speed 
two times the width. Express the length of the of an older model. Express the speed of the 
pool in terms of the width. new model in terms of the speed of the older 
model. 

Solution Your solution 


the width of the pool: w 
the length is 4 ft less than two times the 


width: 2w — 4 
Eat 6 hs Try It 6 
A banker divided $5000 between two accounts, A guitar string 6 ft long was cut into two 
one paying 10% annual interest and the second pieces. Express the length of the shorter piece 
paying 8% annual interest. Express the amount in terms of the length of the longer piece. 


invested in the 10% account in terms of the 
amount invested in the 8% account. 


Solution Your solution 
the amount invested at 8%: x 


the amount invested at 10%: 5000 — x 


Solutions on p. S4 
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2.3 Exercises 


Translate into a variable expression. 


the sum of 8 and y 2: 


p decreased by 7 5. 


20 less than the square of x 


the sum of three-fourths of n and 12 


8 increased by the quotient of n and 4 


the product of 3 and the total of y and 7 


the product of t and the sum of t and 16 


15 more than one-half of the square of x 


the total of 5 times the cube of n and the 


square of n 


r decreased by the quotient of r and 3 


the difference between the square of x and 


the total of x and 17 


the product of 9 and the total of z and 4 


a less than 16 3. 


z added to 14 


8. 


10. 


12. 


14, 


16. 


18. 


20. 


22. 


24. 


26. 


t increased by 10 


6. g multiplied by 13 


6 times the difference between m and 7 


b decreased by the product of 2 and b 


the product of —8 and y 


8 divided by the difference between x and 6 


the quotient of 6 less than m and twice n 


19 less than the product of n and —2 


the ratio of 9 more than m tom 


four-fifths of the sum of w and 10 


s increased by the quotient of 4 and s 


n increased by the difference between 10 
times n and 9 


72 





27. 


29. 


41. 


43. 


45. 


47. 


Objective B | 


31. 


33. 


35. 


37. 


39. 
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Translate into a variable expression. Then simplify. 


twelve minus a number 


two-thirds of a number 


the quotient of twice a number and nine 


eight less than the product of eleven and a 
number 


nine less than the total of a number and 
two 


the quotient of seven and the total of five 
and a number 


five increased by one-half of the sum of a 
number and three 


a number added to the difference be- 
tween twice the number and four 


the product of five less than a number and 
seven 


the quotient of five more than twice a num- 
ber and the number 


a number decreased by the difference 
between three times the number and eight 


28. 


30. 


52. 


34. 


36. 


38. 


40. 


42. 


44. 


46. 


48. 


a number divided by eighteen 


twenty more than a number 


ten times the difference between a number 
and fifty 


the sum of five-eighths of a number and six 


the difference between a number and three 
more than the number 


four times the sum of a number and nineteen 


the quotient of fifteen and the sum of a num- 
ber and twelve 


the product of two-thirds and the sum of a 
number and seven 


the difference between forty and the quotient 
of a number and twenty 


the sum of the square of a number and twice 
the number 


the sum of eight more than a number and 
one-third of the number 
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49. anumber added to the product of three and 50. a number increased by the total of the num- 
the number ber and nine 


51. five more than the sum of a number and 52. a number decreased by the difference be- 
S1X tween eight and the number 

53. a number minus the sum of the number 54. the difference between one-third of a number 
and ten and five-eighths of the number 

55. the sum of one-sixth of a number and four- 56. two more than the total of a number and five 


ninths of the number 


57. the sum of a number divided by three and 58. twice the sum of six times a number and 
the number seven 


Objective Cc Application Problems 





59. According to a report by the FAA (Federal Aviation Authority), the num- 
: ber of near collisions on airport runways in 2000 was 91 more than in 
1999, Express the number of near collisions on runways in 2000 in terms 
of the number of near collisions on runways in 1999. 





In 1947, phone companies began using area codes. According to infor- 
mation found at 555-1212.com, at the beginning of 2001 there were 151 
more area codes than there were in 1947. Express the number of area 
codes in 2001 in terms of the number of area codes in 1947. 








61. Arope 12 ft long was cut into two pieces of different lengths. Use one vari- 
able to express the lengths of the two pieces. 





62. Twenty gallons of crude oil were poured into two containers of differ- 
ent sizes. Use one variable to express the amount of oil poured into 


each container. 


74 
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63. 


64. 


66. 


68. 


69. 
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Two cars start at the same place and travel at different rates in opposite 
directions. Two hours later the cars are 200 mi apart. Express the distance 
traveled by the slower car in terms of the distance traveled by the faster 
car. 


A survey reported in USA Today indicated that almost three-fourths of all 
Americans think that money should be spent on some kind of Mars explo- 
ration program. Express the number of Americans who think that money 
should be spent on some kind of Mars exploration program in terms of 
the total number of Americans. 


According to the American Podiatric Medical Association, the bones in 
your foot account for one-fourth of all the bones in your body. Express the 
number of bones in your foot in terms of the total number of bones in 
your body. 


The diameter of a basketball is approximately 4 times the diameter of a 
baseball. Express the diameter of a basketball in terms of the diameter of 
a baseball. 


A cost-of-living calculator provided by HOMECARE.com shows that a 
person living in New York City (Manhattan) would need twice the salary 
of a person living in San Diego. Express the salary needed in New York 
City in terms of the salary needed in San Diego. 


APPLYING THE CONCEPTS 


A wire whose length is given as x inches is bent into a square. Express the 
length of a side of the square in terms of x. 


ee 
« x > 





The chemical formula for glucose (sugar) is CsHi20¢. This formula means 
that there are 12 hydrogen atoms for every 6 carbon atoms and 6 oxygen 
atoms in each molecule of glucose (see the figure at the right). If x repre- 
sents the number of atoms of oxygen in a pound of sugar, express the 
number of hydrogen atoms in the pound of sugar. 


Translate the expressions 5x + 8 and 5(x + 8) into phrases. 
In your own words, explain how variables are used. 


Explain the similarities and the differences between the expressions “the 
difference between x and 5” and “5 less than x.” 





es 
H-C¢-—oOH 
HO-¢—H 
H—C—oH 
H-—C—OH 
CH,OH 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Focus on Problem Solving 75 


eo Focus on Problem Solving 


From Concrete 
to Abstract 


In your study of algebra, you will find that the problems are less concrete than 
those you studied in arithmetic. Problems that are concrete provide information 
pertaining to a specific instance. Algebra is more abstract. Abstract problems are 
theoretical; they are stated without reference to a specific instance. Let’s look at 
an example of an abstract problem. 


How many minutes are in h hours? 


A strategy that can be used to solve this problem is to solve the same problem 
after substituting a number for the variable. 


How many minutes are in 5 hours? 


You know that there are 60 minutes in 1 hour. To find the number of minutes in 
5 hours, multiply 5 by 60. 


60-5 = 300 There are 300 minutes in 5 hours. 


Use the same procedure to find the number of minutes in / hours: multiply h 
by 60. 


60 -h = 60h There are 60h minutes in # hours. 
This problem might be taken a step further: 
If you walk 1 mile in x minutes, how far can you walk in h hours? 
Consider the same problem using numbers in place of the variables. 
If you walk 1 mile in 20 minutes, how far can you walk in 3 hours? 


To solve this problem, you need to calculate the number of minutes in 3 hours 
(multiply 3 by 60), and divide the result by the number of minutes it takes to 
walk 1 mile (20 minutes). 


CURB e130) < If you walk 1 mile in 20 minutes, you can 
a walk 9 miles in 3 hours. 


De 2 Os 


Use the same procedure to solve the related abstract problem. Calculate the 
number of minutes in hours (multiply i by 60), and divide the result by the 
number of minutes it takes to walk 1 mile (« minutes). 


60-h 60h If you walk 1 mile in x minutes, you can 


60/ 
x x fall essradles nui tata Cee 
x 





At the heart of the study of algebra is the use of variables. It is the variables in 
the problems above that make them abstract. But it is variables that allow us to 
generalize situations and state rules about mathematics. 


Try each of the following problems. 


1. How many hours are in d days? 
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10. 


. You earn d dollars an hour. What are your wages for working / hours? 
. If p is the price of one share of stock, how many shares can you purchase 


with d dollars? 


. A company pays a television station d dollars to air a commercial lasting 


s seconds. What is the cost per second? 


. After every v videotape rentals, you are entitled to one free rental. You have 


rented ft tapes, where t < v. How many more do you need to rent before you 
are entitled to a free rental? 

Your car gets g miles per gallon. How many gallons of gasoline does your car 
consume traveling t miles? 

If you drink j ounces of juice each day, how many days will g quarts of the 
juice last? 

A TV station has m minutes of commercials each hour. How many ads last- 
ing s seconds each can be sold for each hour of programming? 

A factory worker can assemble p products in m minutes. How many prod- 
ucts.can the factory worker assemble in /: hours? 


If one candy bar costs n nickels, how many candy bars can be purchased 
with g quarters? 


e Projects and Group Activities 


Prime and A prime number is a natural number greater than 1 whose only natural-number 
Composite Numbers factors are itself and 1. The number 11 is a prime number because the only 
natural-number factors of 11 are 11 and 1. 


Eratosthenes, a Greek philosopher and astronomer who lived from 270 to 
190 B.c., devised a method of identifying prime numbers. It is called the Sieve of 
Eratosthenes. The procedure is illustrated below. 


€ Xk @OO@QxeQNX © * 


Q @ A 6) 6 Me. oe g Ww 
vw (3) M4 6 @ 26 
22 3) 24 Boi Staal 26 30 
3% % 34 i eh) ee 39 46 
42 Ad 4546 48 9 58 
52 63) 54 55 56° Sr, 5s 60 
62 63 64 65 66 68 6 = 
2 (73) 74 B vr VW B 36 
82 84 8 86 87 gs 6) 96 
92 93 94 OF une 98 99 180 
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Odd Integers 
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List all the natural numbers from 1 to 100. Cross out the number 1, because it is 
not a prime number. The number 2 is prime; circle it. Cross out all the other 
multiples of 2 (4, 6, 8,...), because they are not prime. The number 3 is prime; 
circle it. Cross out all the other multiples of 3 (6, 9, 12,...) that are not already 
crossed out. The number 4, the next consecutive number in the list, has already 
been crossed out. The number 5 is prime; circle it. Cross out all the other mul- 
tiples of 5 that are not already crossed out. Continue in this manner until all the 
prime numbers less than 100 are circled. 


A composite number is a natural number greater than 1 that has a natural- 
number factor other than itself and 1. The number 21 is a composite number 
because it has factors of 3 and 7. All the numbers crossed out in the preceding 
table, except the number 1, are composite numbers. 


1. Use the Sieve of Eratosthenes to find the prime numbers between 100 
and 200. 


2. How many prime numbers are even numbers? 


3. Find the “twin primes” between 1 and 200. Twin primes are two prime num- 
bers whose difference is 2. For instance, 3 and 5 are twin primes; 5 and 7 are 
also twin primes. 


4. a. List two prime numbers that are consecutive natural numbers. 
b. Can there be any other pairs of prime numbers that are consecutive 
natural numbers? 


5. Some primes are the sum of a square and 1. For example, 5 = 2? + 1. Find 
another prime p such that p = n? + 1, where n is a natural number. 


6. Find a prime number p such that p = n? — 1, where n is a natural number. 


7. a. 4! (which is read “4 factorial”) is equal to 4- 3-2-1. Show that 4! + 2, 
4! + 3, and 4! + 4 are all composite numbers. 
b. 5! (which is*read '“S; factorial”) is 'equal.to 5-4-3-2-1. Will 5! + 2, 
5! + 3,5!+ 4, and 5! + 5 generate four consecutive composite numbers? 
c. Use the notation 6! to represent a list of five consecutive composite 
numbers. 


Complete each statement with the word even or odd. 


1. If k is an odd integer, then k + 1 is an integer. 

2. Ifk is an odd integer, then k — 2 is an integer. 

3. If fis an integer, then 271s an Integer. 

4. If m andv7 are even integers, then m — n is an integer. 

5. If m and are even integers, then mn is an ____ integer. 

6. If m and vn are odd integers, then m + n is an ______ integer. 

7. Ifm andy are odd integers, then m — n is an _____ integer. 

8. If m andv are odd integers, then mm is an _____ integer. 

9. If m is an even integer and n is an odd integer, then m — n is an 
integer. 

10. If m is an even integer and n is an odd integer, then m + n is an 

integer. 
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rs Chapter Summary ] Summary 


Key Words A variable is a letter that is used to stand for a quantity that is unknown. [p.53] 
A variable expression is an expression that contains one or more variables. [p.53] : 


The terms of a variable expression are the addends of the expression. A variable : 
term is composed of a numerical coefficient and a variable part. A constant term .« 
has no variable part. [p.53] 


Replacing the variables in a variable expression with numbers and then simpli- < 
fying the numerical expression is called evaluating the variable expression. [p.54] ° 


Like terms of a variable expression are terms that have the same variable part. : 
Adding or subtracting the like terms of a variable expression is called combining 


like terms. [p.57] 


The additive inverse of a number is the opposite of the number. [p.58 | 


The multiplicative inverse of a number is the reciprocal of the number. [p.59] 


Essential Rules _ The Distributive Property [p.57] 
If a, b, and c are real numbers, then a(b + c) = ab + ac. 


The Associative Property of Addition [p.57] 
If a, b, and c are real numbers, then (a + b) +c =a + (b +c). 


ees 6268 


The Commutative Property of Addition [p.58] 
If a and b are real numbers, thena+b=b+a. 2 


The Addition Property of Zero [p.58] 
If a is areal number, thena + 0=0+a4=—<a. 


The Inverse Property of Addition [p.58] 
If a is a real number, then a + (—a) = (-a) +a =0. 


The Associative Property of Multiplication [p.59] 
If a, b, and c are real numbers, then (ab)c = a(bc). 


The Commutative Property of Multiplication [p.59] 
If a and b are real numbers, then ab = ba. 


e@eseeeosese eevee 


The Multiplication Property of One [p.59] 
Ifa is a real number, then 1-a=a-1 =a. 


eseaeae 


The Inverse Property of Multiplication [p.59] : 
If a is a nonzero real number, then o(4) = (4)q = 1. : 
a a ; 
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11. 


13. 


15. 


17. 


19. 


@ Chapter Review 


Simplify: 3(x? — 8x — 7) 

Simplify: 6a — 4b + 2a 

Evaluate (5c — 4a)? — b when a = -1, b =2, 
andc = 1. 

Simplify: 2(6y? + 4y — 5) 

Simplify: —6(7x?) 

Simplify: 12y — 17y 

Simplify: 6(8y — 3) — 8(3y — 6) 

Simplify: 5(4x) 

Evaluate (b — a)? +c when a= -2, b =3, 
andc = 4. 


Simplify: 4x — 3x? + 2x — x? 


10. 


iz; 


14. 


16. 


18. 


20. 


Chapter Review 79 


Simplify: 7x + 4x 

Simplify: (-50n) (4) 

Simplify: 5(2x — 7) 

Simplify: +(—24a) 

Simplify: —9(7 + 4x) 

Evaluate 2bc + (a + 7) when a = 3,b=-5, 
andc = 4. 

Simplify: 5¢ + (—2d) — 3d -— (—4c) 

Simplify: —4(2% — 9) + 5(3x% +°2) 


Simpiity: 97 =-- 2s 65 “ar i2s 


Simplityo(2 = 3(6x%.—="1)| 


80 


PANG 


ZS. 


25. 


26. 


Pad 


28. 


jaa). 


30. 


31. 


52. 


33. 
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Simplify: (7a? — 2a + 3)4 22-"Simplity" 18 —\4.— 


Evaluate a? — b? when a = 3 and b = 4. 24. Simplify: —3(—12y) 


Translate “two-thirds of the total of x and 10” into a variable expression. 


A candy bar contains eight more calories than twice the number of calories 
in an apple. Express the number of calories in a candy bar in terms of the 
number of calories in an apple. 


Translate “three times a number plus the product of five and one less than 
the number” into a variable expression. Then simplify. 


Translate “the product of 4 and x” into a variable expression. 


A club treasurer has some five-dollar bills and some ten-dollar bills. The 
treasurer has a total of 35 bills. Express the number of five-dollar bills in 
terms of the number of ten-dollar bills. 


Translate “the difference between twice a number and one-half of the 
number” into a variable expression. Then simplify. 


A baseball card collection contains five times as many National League 
players’ cards as American League players’ cards. Express the number of 
National League players’ cards in the collection in terms of the number of 
American League players’ cards. 


Translate “6 less than x” into a variable expression. 


Translate “a number plus twice the number” into a variable expression. 
Then simplify. 
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11. 


13; 


15. 


eS Chapter Test 


Simplify: 3x — 5x + 7x 


Simplify: 2x — 3(« — 2) 


Simplify: 3x — 7y — 12x 


Simplify: =(1 Ox) 


Simplify: —5(2x?-—3x + 6) 


—2ab 
2b-—a 





Evaluate when a = —4 and b = 6. 


Simplify: —7y? + 6y? — (—2y’) 


Simplify: $(—15a) 


10. 


14. 


16. 


Chapter Test 81 


Sumplify: —3(@x7'|— 7y?) 


Simplify: 2x + 3[4 — (3x — 7)] 


Evaluate b? — 3ab when a = 3 and b = -2. 


Simplify: 5(2x + 4) — 3(« — 6) 


Simplitys37.4(=12))) = (7) 


Simplify: (12x) (3) 


Simplify: —2(2x — 4) 


Sunplity: 2[4 —20.— 9) ov 


82 


17. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 
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Simplify: (—3) (—12y) 18. Simplify: 5(3 — 7b) 


Translate “the difference between the squares of a and b” into a variable 
expression. 


Translate “ten times the difference between a number and 3” into a variable 
expression. Then simplify. 


Translate “the sum of a number and twice the square of the number” into 
a variable expression. 


The speed of a pitcher’s fastball is twice the speed of the catcher’s return 
throw. Express the speed of the fastball in terms of the speed of the return 
throw. 


Translate “three less than the quotient of six and a number” into a variable 
expression. 


Translate “b decreased by the product of b and seven” into a variable 
expression. 


A wire is cut into two lengths. The length of the longer piece is 3 in. less 
than four times the length of the shorter piece. Express the length of the 
longer piece in terms of the length of the shorter piece. 
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1B Ae 


13. 


15; 


17. 


« Cumulative Review 


Add: —4 + 7 + (—10) 


Multiply: (—2)(3)(—4) 


P 1 : 
Write i as a decimal. 


Simplify: s = (25) 


Write > as a percent. 


11 





Simplify: ( 3): (3 


Simpliiys 20> — (= 3x") + 4x* 


Simplify: $(12a) 


Simplify: 3(8 — 2x) 


2 


10. 


12. 


14. 


16. 


18. 


Cumulative Review 83 


Subtract: —16 — (—25) — 4 


Divide: (—60) + 12 


: : 7 11 1 
Simplify: re re (- 1) 





Simplify: ( ) (3) ( ] 


Simplify: —2° + (3 — 5)? — (—3) 


Evaluate a* — 3b when a = 2 and b = —4. 


Simplify: 5a — 10b — 12a 


Simplify: (- 2) (—36b) 


Simplify: —2(-3y + 9) 


84 


19. 


24. 


23. 


25. 


Pa 


28. 


29. 


30. 


31. 


32. 
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‘ . ; 
NW rite 37 Opie of FraCtON. 20. Write 1.05% as a decimal. 


. . 4 es 2 oe = 
Simplify: —4(2x? — 3y?) 22. Simplify: —3Gy, ~3y =) 





Simplify: —3x — 2(2x — 7) 24. Simplify: 4(3x — 2) — 7( + 5) 


Simplify: 2x + 3[x — 2(4 — 2x)] 26. Simplify: 3[2x — 3(« — 2y)] + 3y 


Translate “the sum of one-half of b and b” into a variable expression. 


Translate “10 divided by the difference between y and 2” into a variable 
expression. 


Translate “the difference between eight and the quotient of a number and 
twelve” into a variable expression. 


Translate “the sum of a number and two more than the number” into a 
variable expression. Then simplify. 


Translate “twelve more than the product of three plus a number and five” 
into a variable expression. Then simplify. 


The speed of a DSL (Digital Subscriber Line) Internet connection is ten 
times faster than that of a dial-up connection. Express the speed of the DSL 
connection in terms of the speed of the dial-up connection. 
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Chapter 


Section 3.1 


A To determine whether a given number is a 
solution of an equation 


To solve an equation of the form x + a= b 
To solve an equation of the form ax = b 


To solve application problems using the 
basic percent equation 


9UnwW 


Section 3.2 


A To solve an equation of the form ax + b=c 


B To solve application problems using 
formulas 


Section 3.3 
A To solve an equation of the form 
AX = CX.) 
B_ To solve an equation containing parentheses 


C To solve application problems using 
formulas 


Section 3.4 


A To solve integer problems 


B To translate a sentence into an equation 
and solve 


Section 3.5 


A To solve perimeter problems 


B To solve problems involving angles formed 
by intersecting lines 


C To solve problems involving the angles of a 
triangle 


Section 3.6 


A To solve value mixture problems 
B_ To solve percent mixture problems 
C To solve uniform motion problems 


xe Need help? For online student resources, such as section 
¥% 2 quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 


Solving Equations 





By surveying television viewers, Nielsen Media Research 
can determine the number of people watching particular TV 
shows. The larger the audience, the greater the number of 
rating points the show receives. Programs with a high 
number of rating points can demand and receive higher fees 
from sponsors who pay to have their advertisements aired 
during the show. The Project on pages 154 and 155 describes 
the meaning of Nielsen rating points and their relationship to 
market share. 
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Evaluate 3x7 — 4x — 1 when x = —4. 


1 2 
Simplify: 5% “i 3% 


Simplify: 0.22(3x + 6) + x 


A new graphics card for computer games is 
five times faster than a graphics card made 
two years ago. Express the speed of the new 
card in terms of the speed of the old card. 


Figure 


10. 


How can a donut be cut into 8 equal pieces with three cuts of a knife? 


60.0 6 6 6 6 6 6 6 6 6 6 6 8 6 Oe 6 66,8 6: C0) © 6) OTS 86 Ocal es ene ae 


3 
Write Fi as a percent. 


Simplify;.R — 035K 


Simplify: 6x — 3(6 — x) 


Translate into a variable expression: “The dif- 
ference between 5 and twice a number’. 


A board 5 ft long is cut into two pieces. If x 
represents the length of the longer piece, 
write an expression for the shorter piece in 
terms of x. 
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Objective A To determine whether a given 


Point of interest An equation expresses the equality of 
i ED . . 

Ogee mest Famous two mathematical expressions. The expres- 
equations ever stated is sions can be either numerical or variable 


E = mc?. This equation, stated expressions. 
by Albert Einstein, shows that 


there is a relationship between : : ; 2 : 
frase mr arid energy £. Asa side The equation at the right is true if the vari- 


note, the chemical element able is replaced by 5. 
einsteinium was named in 
honor of Einstein. The equation is false if the variable is 


replaced by 7. 


Introduction to Equations 





. F i coo reniaaens 
number is a solution of an equation & 3: 


9+3=12 

3x — 2 = 10 Bact 
y+4=2%2-1 quations 
zZ=2 

x+8=13 


5+8=13 A true equation 


7+8=13 A false equation 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. 5 is a solution of the equation x + 8 = 13. 7 is nota 


solution of the equation x + 8 = 13. 


™ Is —2 a solution of 2x + 5 =x? — 3? 


| TAKE NOTE ee TSS 


| The Order of Operations Be iene) (2), 93 e Replace x by —2. 
Agreement applies to ; -4+5/|4-3 e Evaluate the numerical expressions. 


| evaluating 2(—2) + 5 : ea | 
_ and (-2)? — 3. 





Yes, —2 is a solution of 
the equation. 


—2 is nota 
Example 1 ‘ba Try It 1 

Is —4 a solution of 

5x —2 = 6x + 2? 


Solution 5x - 2 = 6x + 2 Your solution 
5(-4) —2 | 6(-4) + 2 
—20 -—2 | -24+2 


—22 = -22 
Yes, —4 is a solution. 
Example 2. Is —4 a solution of Be Try It 2 
4+ 5x =x? — 2x? 
Solution 4+ 5x =x? — 2x Your solution 


4 +5(-4) | (-4)? - 2(-4) 
4+ (-20) | 16 - (-8) 
-16 #24 


(# means “is not equal to”) 


No, —4 is not a solution. 


e If the results are equal, —2 is a solution of 
the equation. If the results are not equal, 


solution of the equation. 


coe ee eee eee eee eee eee eres eeeeseeseeson se 


Is ; a solution of 
5 — 4x = 8x + 2? 


Is 5 a solution of 
10x — x? = 3x — 10° 


Solutions on p. S4 
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Objective B To solve an equation of the form x + a= b 





ee 


To solve an equation means to find a solution of the equation. The simplest 
equation to solve is an equation of the form variable = constant, because the con- 


stant is the solution. 


The solution of the equation x = 5 is 5 because 5 = 5 is a true equation. 


The solution of the equation at the 


right’is 7 because 7 + 2 = 9-is a true Me a) 7+2=9 
equation. 

Note that if 4 is added to each side of x+2=9 

the equation x + 2 = 9, the solution x+2+4=9+4 

is still 7. x+6= 13 74.0, S13 
If —5 is added to each side of the x+2=9 

equation. «+ 2 = 9» the solution is) 44) 2)) i=) Te) 

still 7. x—3=4 j= 3a 


Equations that have the same solution are equivalent equations. The equations 
x+2=9,x+6= 13, and x — 3 =4 are equivalent equations; each equation 
has 7 as its solution. These examples suggest that adding the same number to 
each side of an equation produces an equivalent equation. This is called the Addi- 
tion Property of Equations. 


Addition Property of Equations 


The same number can be added to each side of an equation without changing its solu- 


tion. In symbols, the equation a = b has the same solution as the equation 
aa ¢= bi. ec, 





In solving an equation, the goal is to rewrite the given equation in the form 
variable = constant. The Addition Property of Equations is used to remove a term 
from one side of the equation by adding the opposite of that term to each side of 
the equation. 


=> Solve: x —4=2 


x-4=2 ® The goal is to rewrite the equation as variable = constant. 
x-4+4=2+4 © Add 4 to each side of the equation. 
x+0=6 © Simplify. 
x=6 © The equation is in the form variable = constant. 


Check: x — 4 =2 
On 4a 2” 
2=2 A true equation 
The solution is 6. 
Because subtraction is defined in terms of addition, the Addition Property of 


Equations also makes it possible to subtract the same number from each side of 
an equation without changing the solution of the equation. 
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3 1 
= Solve: y + — == 
olve: y ao 


S 2 = oh ¢ The goal is to rewrite the equation in the form 
y SS variable = constant. 
SPs ge ows 3 

yan lryaad er e Subtract | from each side of the equation. 

oe e 

y Hand © Simplify. 
1 
Vea a © The equation is in the form variable = constant. 


The solution is — >: You should check this solution. 





Fieve 3 You Try It 3 
5 33 
Soltero Solve: 2 = y 78 
4 3 
: Se 
Solution COs A = 3 Your solution 
30 3° dae 
x+—- >= -= 
4 4 3 4 
4 9 
+ OS 
‘ Dia 
eek: 
12 
The solution is — = 
Solution on p. S4 
Oj =i) To solve an equation of the form ax = b 
The solution of the equation at the right is 2x = 6 2:3=6 
3 because 2 - 3 = 6 is a true equation. Wee 
Note that if each side of 2x = 6 is multi- (24) =") 10 
plied by 5, the solution is still 3. 10x = 30 10-3 = 30 
2x =6 
If each side of 2x = 6 is multiplied by —4, (—4)(2x) = (—4)6 
the solution is still 3. —8x = —24 =—8- 3 = —24 
The equations 2x = 6, 10x = 30, and —8x = —24 are equivalent equations; each 


equation has 3 as its solution. These examples suggest that multiplying each side 
of an equation by the same number produces an equivalent equation. 


Multiplication Property of Equations 


Each side of an equation can be multiplied by the same nonzero number without chang- 


ing the solution of the equation. In symbols, if c € 0, then the equation a = b has the 
same solutions as the equation ac = be. 
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The Multiplication Property of Equations is used to remove a coefficient by mul- 
tiplying each side of the equation by the reciprocal of the coefficient. 


=> Solve: 3, =9 


4 
* = 9 ¢ The goal is to rewrite the equation in the form variable = constant. 
4 3 4 4 
—'—zg=—:9 ¢ Multiply each side of the equation by —. 
wer aS Pe q V3 
1-z=12 © Simplify. 
z= 12 © The equation is in the form variable = constant. 


The solution is 12. You should check this solution. 


Because division is defined in terms of multiplication, each side of an equation 
can be divided by the same nonzero number without changing the solution of the 











equation. 
ny o> 
TAKE NOTE Solve: 6x = 14 
Remember to check the 6x = 14 © The goal is to rewrite the equation in the form variable = constant. 
solution. he 14 
ates aunt = = =e © Divide each side of the equation by 6. 
a(2) 14 7 us ae 
3 Sa © Simplify. The equation is in the form variable = constant. 
14= 14 3 
The solution is i. 
When using the Multiplication Property of Equations, multiply each side of the 
equation by the reciprocal of the coefficient when the coefficient is a fraction. 
Divide each side of the equation by the coefficient when the coefficient is an inte- 
ger or a decimal. 
aes 4 his Try It 4 
3 
Solve: = =- Solve: -= = 6 
: 3x , 
Solution ar ag Your solution 
4 3 - 3x _ 3 
Sax =(-9) ya yt 
3 4 3 


x=-12 


The solution is —12. 


| ECtas AGATE Ss PERM PORE RE Looe nme Paneer ents Wuxi: Seater ne 4 ere ra Pe re se ah ar ia MM ate | 
“Example 5 Solve: 5x — 9x = 12 Le. Try It 5 Solve: 4x — 8x = 16 
Solution 5x — 9x = 12 Your solution 
—4x = 12 @ Combine like terms. 
eat 
—4 —4 
x= —3 


The solution is —3. 
Solutions on p. S4 
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Objective D 


goose SEER NIRSSORAONNC OIG 


TAKE NOTE 
We have written 
P(80) = 70 because that 

is the form of the basic 
percent equation. We 

could have written 
80P = 70. The important — 
point is that each side of | 
the equation is divided i 
by 80, the coefficient 
inOLR: 





cessssasosssneoineaienmagoasenteceatnah eet 


scsreesnonnce 


were Labrador retrievers. Listed 
below are the next most 
popular breeds and their 
registration numbers. 

Golden retrievers: 66,300 
German shepherds: 57,600 
Dachshunds: 54,773 

Beagles: 52,026 
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To solve application problems 
using the basic percent equation 





An equation that is used frequently in mathematics applications is the basic per- 
cent equation. 


Basic Percent Equation 


Percent - Base = Amount 


Pp 78 A 





In many application problems involving percent, the base follows the word of. 


=> 20% of what number is 30? 


P-B=A e Use the basic percent equation. 
0.20B = 30 © P= 20% = 0.20, A = 30, and Bis unknown. 
0.20B 30 
0.20. = 020 e Solve for B. 
B= 150 


The number is 150. 


=> 70 is what percent of 80? 


P-B=A © Use the basic percent equation. 
P(80) = 70 ¢ B = 80, A = 70, and Pis unknown. 
) = ue © Solve for P. 
80 80 
P = 0.875 © The question asked for a percent. 
P= 875% Convert the decimal to a percent. 


70 is 87.5% of 80. 


™ During a recent year, nearly 1.2 million dogs or litters were registered 

’ with the American Kennel Club. The most popular breed was the 
Labrador retriever, with 172,841 registered. (Source: American Kennel Club) 
What percent of the registrations were Labrador retrievers? Round to the 
nearest tenth of a percent. 





Strategy To find the percent, use the basic percent equation. 
B = 1.2 million = 1,200,000; A = 172,841; P is unknown. 


P°“B=A 
P(1,200,000) = 172,841 
P ~ 0.144 = 14.4% 


Solution 


Approximately 14.4% of the registrations were Labrador retrievers. 
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In most cases, you should write the percent as a decimal before solving the basic 
percent equation. However, some percents are more easily written as a fraction. 


For example, 


1 1 2 2 2 1 1 
333% 3 665% 3 One 7 5 


' Example 6 


12 is 332% of what number? 


Solution 
P-B=A 
i 1 1 
Boe 12 gern Be 
SEER 
oS 
B= 36 


12 is 332% of 36. 


‘fea 7 


™, In a recent year, 238 U.S. airports 

we collected $1.1 billion in passenger taxes. 
Of this amount, $88 million was spent on noise 
reduction. What percent of the passenger taxes 
collected was spent on noise reduction? 


Strategy 

To find the percent, solve the basic percent 
equation using B = 1.1 billion = 1,100 million 
and A = 88 million. The percent is unknown. 


Solution 
P-B=A 
P(1,100) = 88 
P(1,100) -.<. 88 
1,100 1,100 
P = 0.08 


8% of the passenger taxes collected was spent 
on noise reduction. 


FP ROIS E FTE TIP SF oe ane nae eee 
Hyon Try It 6 


18 is 16=% of what number? 


Your solution 


id 

vou Try It 7 
2 The total revenue for all football bowl 

" games in 2000 was approximately 

$158.3 million. Of that amount, the Big Ten 
conference received $22.45 million. What 
percent of the total revenue did the Big Ten 
conference receive? Round to the nearest 
tenth of a percent. (Source: San Diego 
Union-Tribune, January 18, 2001) 


Your strategy 


Your solution 


Solutions on p. S4 
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3.1 Exercises 


Objective A 


and an expression? 





3. Is 4a solution of 
2% = 8? 


6. Is —2 a solution of 
3a —4= 10? 


9. Is5a solution of 
Tee es) == Byer. 


12. Is3 a solution of 
2+1=4+4 32? 


15. Is —2 a solution of 
m —4=m + 3? 


18. Is 4a solution of 
x(5F 1) =x? 5? 


2A 1s ; a solution of 


4y + 1 = 3? 


Objective B 


Solve and check. 


26. x+5=7 
30. 2+a=8 


340 5 = 2 


What is the difference between an equation 


10. 


13. 


16. 


19. 


Dap 4% 


24. Can 0 ever be the solution of an equation? 
» If so, give an example of an equation for 
“4 which 0 is a solution. 
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2. Explain how to determine whether a given 


©» number is a solution of an equation. 


aA 
Is 3 a solution of 


y+4=7? 


Is 1 a solution of 
4 —2m = 3? 


Is 4 a solution of 
3y — 4 = 2y? 


Is 2 a solution of 
2x? — 1 = 4x - 1? 


Is 5 a solution of 
x? + 2x +1=(x +1)? 


Is 3 a solution of 
Qala. — Wy = 3a a3? 


Is : a solution of 


5m + 1 = 10m — 3? 


11. 
14. 


i: 


20. 


23. 


25. Without solving the equation x + e < 


Is —1 a solution of 
2b — 132 


Is 2 a solution of 
1 =31 =2? 


Is —2 a solution of 
Ba ES 2D = Oe 


Is —1 a solution of 
y? — 1 = 4y + 3? 


Is —6 a solution of 
(n — 2)? =n? — 4n + 4? 


Is -2 a solution of 


Sie les le? 


Is - a solution of 


eee = il = ise sb Be 


eae 
43’ 


@ \ determine whether x is less than or greater 


Al : 
than — roe Explain your answer. 


271. 3 = 9 
5x = 12 
x-6=-5 36. b+7=7 


28. b-4=11 


32. m+9=3 


PEN eyes AN) 


33. t+12=10 


87.0 =-5 =—5 


94 


38. 


42. 


46. 


50. 


54. 


58. 


62. 


65. 


68. 
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ao 39. 
10 +m=3 43. 
b-5=-3 47. 
De ee 51. 
12=3+w 55. 
13 =-6+a4 59. 
reiloe x 

Ses) 
PO ds yet 

2 4 

De a? 
n+t= = 

> 3 


d+ 1.3619 = 2.0148 


i 926s426 = —1.042 


ek beers AOS ek 
5 ee qatar. 
poe ASN Ae = 10 
a aa So) A= 41 
—9=5+x 56. 4=-10+b5 
1 3 1 
+i= = . et t=-= 
ae 3 Oa ale 
5 1 
re ee 
3. 8 
66. pte aa 
Gone 
5 1 
Soe 
come a 
12: we 2932 480i 









J 


75. 


Gr 






6.149 = =3:108 => 





76. 





41.omw+ 11 =1 


45. 10+y=-4 


49. 9+a=—20 


53. -6=y-—5 


ST!) = Lele 


(ll, ee 


67. ao 
3. 4 

1 2 
0. = Se 
A RS 


13; —0.813 + 3—=—1096 


5.237 = =2.014 #e& 
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-2, 78. Explain why multiplying each side of an 
©. determine whether x is less than or greater equation by the reciprocal of the coefficient 
af than 0. Explain your answer. - of the variable is the same as dividing each 
; side of the equation by the coefficient. 
Solve and check. 
79. %c=-15 80. 4y = -28 81. 3b=0 82. 2a=0 
$3. -34 =6 84, -—-5m=~20 85. -—34 = -27 86. -in = —30 
= 
. 87. 20= Je 88. 18 = 21 89. -—32 = Bw 90. -—56 = 7x 
} 
| 1. 0=-% 92. 0=-84 93, -32 = —4y 94. -54 = 6c 
a a fa eee 
b 3 Zoe (eta 
99. re =6 100. 4’ g 101. 5% 6 102. 34 8 
. 
3 Zn 5x _ ae 
103. “am = 12 104. 7 0 105. 6 0 106. 3 
3 % a3 2_2 eae 
“= | 107. bas 2 108. nore 109. wired 110. 5 4° 
| 
| i 11. 22=-75 112, -5 5 113, -1=5 el 
9g 
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115. -Em=-2 116. 5«+2x=14 117. 3n+2n = 20 118. 7d—-4d=9 
=2 120. 2x —5x=9 120 ts (225s 

119°. 10y = 3y = 21 ee be = in = - 3095 : 

123. 3.47a = 7.1482 124, 2.31m = 2.4255 —=3 14 = 7.301 

Objective D 

127. Without solving an equation, indicate 128. Without solving an equation, indicate 


whether 40% of 80 is less than, equal to, or 


lo ‘ ] rk 
prenier than 80% of 40. whether ji % of 80 is less than, equal to, or 


greater than 25% of 80. 
129. What is 35% of 80? 130. What percent of 8 is 0.5? 131. Find 1.2% of 60. 
132. 8 is what percent of 5? 133. 125% of what is 80? 134. What percent of 20 is 30? 


135. 12 is what percent of 50? 136. What percent of 125 is 50? 137. Find 18% of 40. 


138. What is 25% of 60? 139. 12% of what is 48? 140. 45% of what is 9? 

; 1 2 
141. What is 33 3% Ol 27? 142. Find 16 a? or 30) 143. What percent of 12 is 3? 
144. 10 is what percent of 152 145. 60% of what is 3? 146. 75% of what is 6? 


147. 12 is what percent of 6? 148. 20 is what percent of 16? 149, 5% of what is 21? 
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150. 


153. 


156. 


159. 


160. 


161. 


162. 


163. 








165. 
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151. 


1 
375% of what is 15? Find 15.4% of 50. 


1 is 0.5% of what? 154. 3 is 1.5% of what? 


1 
5 of what is 3? 57. .rind 125% of 16, 


152. What is 18.5% of 46? 
3 : 

155. 4 of what is 3? 

158. What is 250% of 12? 


16.43 is what percent of 20.452? Round to the nearest hundredth of a 


percent. 


Find 18.37% of 625.43. Round to the nearest hundredth. 


A university consists of three colleges: business, engineering, and fine 
arts. There are 2900 students in the business college, 1500 students in 
the engineering college, and 1000 students in the fine arts college. What 
percent of the total number of students in the university are in the fine 


arts college? Round to the nearest percent. 


Approximately 21% of air is oxygen. Using this estimate, 
determine how many liters of oxygen there are in a room 
containing 21,600 L of air. 


The graph at the right, based on data from Forrester 
Research, shows the percent share of the global e- 
commerce market for various regions of the world. The 
total projected revenues for e-commerce business in 2004 
are $7500 billion. How many billion dollars more is West- 
ern Europe’s share than Latin America’s share? 


In January 2001, the Environmental Protection Agency 
(EPA) required all 54,000 community water systems in the 
United States to reduce the amount of arsenic in drinking 
water by 40 parts per billion, from 50 parts per billion to 
10 parts per billion. What percent decrease does this 
represent? 


The circle graph at the right shows the responses to a ques- 
tion about downloading music from Napster. How many 
people were surveyed? 


Regions, Share of Global 
E-Commerce, 2004 





Rest of 
the world 
1% 


Latin 
America 
11% 










It is wrong, 
but I might 
do it. 


It is wrong. 
I would not 
do it. 


Did not 
answer 


2 thie 


I do not think it is wrong. 
I would probably do it. 


Source: Reprinted with permission from Pete 
Chenard and The San Diego Union-Tribune. 
As appeared on March 2, 2001. 
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; ; : 2 
166. To override a presidential veto, at least 665% of the Senate must vote 


to override the veto. There are 100 senators in the Senate. What is the 
minimum number of votes needed to override a veto? 










167. The graph at the right shows the average health care costs MMF burse picuccenc 
e paid by an employee in the United States. What percent of the sco AMM Pag dedhichion Ged, 
* total average health care cost was out-of-pocket costs for | 00 
2001? Round to the nearest tenth of a percent. 1200} 1950 1999 1050 | 
900+ 


Dollars 


168. In 2000, Ford Motor Company sold about 7.4 million vehicles 
“™, and had automotive revenues of $141 billion. This was up 
from 7.2 million vehicles in 1999 and revenues of $135 billion. 300 
(Source: www.ford.com/2000annualreport) GB 8&8: 
a. Which represents the greater percent increase: vehicle 97 1998 1999 2000 2001 

sales or revenues? Source: Hewitt Associates in the New 
b. Ford Motor Company set as a goal for 2001 to increase rev- York Times, December 10, 2000 

enues over year-2000 revenues by $5 billion. Is this a larger 

or a smaller percent increase than the increase from 1999 

revenues to 2000 revenues? 


a 
S 
S 











169. Suppose that 125 million people saw a particular 30-second commercial 
for a soft drink during SuperBowl XXXV. The cost for that commercial 
was approximately $2.2 million. 

a. If the soft drink manufacturer makes a profit of $.04 on each can 
sold, what percent of the people watching the commercial would 
have to buy one can of the soft drink for the company to recover the 
cost of the commercial? 

b. What percent of the people watching the commercial would have to 
purchase one 6-pack of the soft drink for the company to recover the 
cost of the commercial? Round to the nearest tenth of a percent. 





APPLYING THE CONCEPTS 


170. Solve the equation ax = b for x. Is the solution you have written valid for 
all real numbers a and b? 


171. a. Make up an equation of the form x + a = b that has 2.as a solution. 
b. Make up an equation of the form ax = b that has —1 as a solution. 


3x +2 
=-2 — 


172. Solve. a. Zi 
i. S 
y 


& [rR | w 


173. Write out the steps for solving the equation 5x = —3. Identify each 


Property of Real Numbers or Property of Equations as you use it. 


In your own words, state the Addition Property and the Multiplication 
Property of Equations. 





175. Ifa quantity increases by 100%, how many times its original value is the 
©» new value? 
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General Equations —Part | 


Objective A To solve an equation of the form ax + b=c 


In solving an equation of the form ax + b =c, the goal is to rewrite the equation 
in the form variable = constant. This requires the application of both the Addi- 
tion and the Multiplication Properties of Equations. 





=> Solve: =x — 2 — 1 


The goal is to write the equation in the form variable = constant. 


ie a — ld 
4 
3 
apes Sasa etiam ETeNNEeneneaS a a” —_— 2 + D = — 1 1 +- D ® Add 2 to each side of the equation. 
| TAKE NOTE 
eres 3 ) 3 ee 
ge 2 | | ee) Multiply each side of th ion by — 
E => =X = = (= ® a 
-g-2} | 3 ae 3 ultiply each side of the equation Lire 
-1=—-11 | 
A true equation ho 12 ¢ The equation is in the form variable = constant. 


ENROL HNN 


The solution is —12. 


Here is an example of solving an equation that contains more than one fraction. 


» G5 ae SED. 
m> Solve: ae ter 
2B ies 
3 2 4 
Gay eee Fee ° Subtract +f h side of the equati 
a > 5 = 4 5 u tract; rom each side of the equation. 
a : © Simplify. 
=K = — implify. 
eee, : 
3 (2 5) ( 1 ¢ Multiply each side of the equation by : 
a Rests 4 Wes 4 
2\3 2\4 the reciprocal of . 
pec 
8 


3 5 es) 
The solution is Re 


It may be easier to solve an equation containing two or more fractions by multi- 
plying each side of the equation by the least common multiple (LCM) of the 
denominators. For the equation above, the LCM of 3, 2, and 4 is 12. The LCM 
has the property that 3, 2, and 4 will divide evenly into it. Therefore, if both sides 
of the equation are multiplied by 12, the denominators will divide evenly into 12. 
The result is an equation that does not contain any fractions. Multiplying each 
side of an equation that contains fractions by the LCM of the denominators is 
called clearing denominators. It is an alternative method, as we show in the 
next example, of solving an equation that contains fractions. 
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: TAKE NOTE 


_ Observe that after we 
_ multiply by the LCM 
_ and simplify, the 

_ equation no longer 

_ contains fractions. 


8x +6=9 


8x + 6—6=9—6 


eye ==} 
bx 3 
8 8 
fhe 8 

8 


The solution is ~. 


¢ Multiply each side of the equation by 12, 
the LCM of 3, 2, and 4. 


© Use the Distributive Property. 


© Simplify. 


© Subtract 6 from each side of the equation. 


© Divide each side of the equation by 8. 


Note that both methods give exactly the same solution. You may use either 
method to solve an equation containing fractions. 






“Example 1 Solve: 3x — 7 = —5 


oa 
3x — 7+ 7=-=54+7 


Solution 


The solution is .. 






eee eeceeeecsecoree se oe eevee serose eee neers ee eae ee oes ee oe 


UExample2 Solve: 5 = 9 — 2x 
Solution 5=9 — 2x 
5-9=9=—9- 2x 
—4 = -—2x 
Fo. een 
—2 -2 
2=x 


The solution is 2. 





sees ee ores eee oe eee eee eee oe eee eee ee eee meee eee eee ree s 


Solve: 5x + 7 = 10 


My 


© You Try It 1 


Your solution 


© (© @' (ee 6 6 0 © oie 0 6 8 we le ee 0 0 e106 © ee 0 0 8 © oes 6 0 6 8 08 4 0 6 ey ce ee cl @ 


Solve: 2 = 11 + 3x 





Your solution 


Solutions on pp.S4—S5 
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ck : | a ee eee 
3 
Sule = 52 Solve: 2 — = = > 
‘ Dae, Ne 
Solution Paes) = A Your solution 
Oe eh) Saat 
ae ne On ee me 
pe es 
ZZ 
x 1 
235) (eee ees 1 ee 
oe 
6 
The solution is >. 
cue. 4 hai Try It 4 
Solve ax = >= : by first clearing Solve =x +3= : by first 
denominators. clearing denominators. 
Solution The-LCM of'5, 2, and 4 is 20. Your solution 
Bois eight oe 
qo eeu 
4 1 g) 
2o(5- 3) (3) 


16x, — 10 =15 
16x =~ 10 + 10= 15 + 10 

16x = 25 

NOx 5725 

16 16 

225 

Ve 16 


; was 
The solution is ie 


Solutions on p.S5 


Example 5 ee Try It 5 


Solve: 2x + 4 — 5x = 10 


Solution 


2x +4-—5x = 10 


~3x+4-4=10-4 


=3x% +4 = 10 
Epes eae 
=3 =3 

x=-2 


The solution is —2. 


Objective B 


Markup 


Cost 


Selling 
price 


Solve: x — 5 + 4x = 25 
Your solution 


e Combine like terms. 


Solution on p. S5 





To solve application problems using formulas 


In this objective we will be solving application problems using formulas. Two of 
the formulas we will use are related to markup and discount. 


Cost is the price a business pays for a product. Selling price is the price for 
which a business sells a product to a customer. The difference between selling 
price and cost is called markup. Markup is added to the cost to cover the 
expenses of operating a business. The diagram at the left illustrates these terms. 
The total length is the selling price. One part of the diagram is the cost, and the 
other part is the markup. 


When the markup is expressed as a percent of the retailer’s cost, it is called the 
markup rate. 


The basic markup equations used by a business are 


Selling price = cost + markup Markup = markup rate - cost 


S =C + M Mae r a 


Substituting +-C for M in the first equation results in S=C+(r-C), or 
S= C+ 7. 


=)» The manager of a clothing store buys a jacket for $80 and sells the jacket for 
$116. Find the markup rate. 


S = Gre re e Use the equation S = C + rC. 
116 = 80 + 80r © Given: C = $80 and S = $116 
36 = 80r © Subtract 80 from each side of the equation. 
ae = us © Divide both sides of the equation by 80. 
80 = 80 


0.45 =r 


The markup rate is 45%. 
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Discount | 
or 
markdown | 


A retailer may reduce the regular price of a product because the goods are dam- 
aged, odd sizes, or discontinued items. The discount, or markdown, is the 
amount by which a retailer reduces the regular price of a product. The percent 
discount is called the discount rate and is usually expressed as a percent of the 
original selling price (the regular price). 


Regular 
price 





The basic discount equations used by a business are 


Sale _ regular 


_ discount regular 
price price 


rate price 


— discount Discount 


Substituting r-R for D in the first equation results in S = R — (r- R), or 
S =R-=—7R. 


=» A portable computer that regularly sells for $1850 is on sale for $1480. Find 
the discount rate. 





o—=R—rTR e Use the equation S = R — rR. 
1480 = 1850 — 1850r ¢ Given: S = $1480 and R = $1850 
—370 = —1850r ¢ Subtract 1850 from each side of the equation. 
ales = ae ¢ Divide each side of the equation by —1850. 
=1350) -=1850 
0.2=r 


The discount rate on the portable computer is 20%. 


Example 6 

A markup rate of 40% was used on a 
refrigerator that has a selling price of $749. 
Find the cost of the refrigerator. Use the 
formula S = C + rc. 


Strategy 
Given: S = $749 
r = 40% = 0.40 


Unknown: C 
Solution 
S=C+7C 
749=C+0.40C ¢ €+040C=1C + 0.40C 
749 = 1.40C © Combine like terms. 
749 1.40C 
140" ~ 1-40 
535=C 


The cost of the refrigerator is $535. 


he Try It 6 
A markup rate of 45% was used on an 
outboard motor that has a selling price of 
$986. Find the cost of the outboard motor. 
Use the formula S = C + rC. 


Your strategy 


Your solution 


Solution on p. S5 
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: Example 7 
A necklace that is marked down 35% has 
a sale price of $292.50. Find the regular 
price of the necklace. Use the formula 
S=R—rFrR. 


Strategy 
Given: S = 292.50 

r = 35% = 0.35 
Unknown: R 


Solution 

S=R-—-rR 
292.50 =R-—O0.35R ¢ R—0.35R = 1R — 0.35R 
292.50 = 0.65R ¢ Combine like terms. 
29200 5.40.65K 





0.65 0.65 
450=R 


The regular price of the necklace is $450. 


lie 8 i 


To determine the total cost of production, an 
economist uses the equation T= U-N + F, 
where T is the total cost, U is the unit cost, N is 
the number of units made, and F is the fixed 
cost. Use this equation to find the number of 
units made during a month when the total cost 
was $9000, the unit cost was $25, and the fixed 
cost was $3000. 


Strategy 
Given: T = $9000 
Ui = $25 
F = $3000 
Unknown: N 
Solution 
T=—=U-N+F 
9000 = 25N + 3000 
6000 = 25N 
6000  25N 
25 25 
240 =N 


There were 240 units made. 


5 Je eel 0: ee 0.0) 6 6 te. seal elevelede: 616-6 mlenore 0 (0 e\\e oe) 6's eLaelels lene S76 isigey Sele ge) i.e 


You Try It 7° 

A garage door opener, marked down 25%, is 
on sale for $159. Find the regular price of 
the garage door opener. Use the formula 
S=R-— rR. 


Your strategy 


Your solution 


eee eee eee ees eee eo se ee eeseeoeseeseeeeeseeseeeseeeeseeeeeeee 


You Try It 8 
The pressure at a certain depth in the ocean 
can be approximated by the equation 


P=15+ 5D, where P is the pressure in 


pounds per square inch and D is the 
depth in feet. Use this equation to find the 
depth when the pressure is 45 pounds per 
square inch. 


Your strategy 


Your solution 


Solutions on p. S5 
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1. 
5. 
9. 
13. 
17. 
21. 
25. 

% | 29. 

Z 

B } 33, 

8 

© 

= 

237: 

° 

§ 


Objective A 


3.2 Exercises 





Solve and check. 


3x +1= 10 
5=4x+9 
4-—-3w=-2 
4a — 20=0 
BO ie — 
Di Ph a tee) 
aSrte2 1o=30 
9-— 4x = 6 
1—3x%=0 
8b -3=-9 


10. 


18. 


22. 


26. 


30. 


34. 


38. 


4y+3=11 
2=5b + 12 
Pk = 13 
ay = 0 == (0 
=i) = 12 
3=11-4n 
=x =30=0 
3t— 2=0 
9d +10=7 
5 6m 2 


11. 


15. 


19. 


23. 


27. 


31. 


35. 


39. 
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2825 =7 


207 = LI 


S 3h 2 


6+ 2b=0 


12x 4:30 =—"—6 


235 = CU hel 


—4y+15=15 


9x —4=0 


ws ti=5 


i= 9o=4 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


40. 


5110 — "6 = 9 


3n — 7 = —-19 


DS aa, 


10+5m=0 


~13=-1ly+9 


= 8x 3 === 29 


= 3x at Oral 


ao 


6y -5=-7 


Oi== =12e + 5 


106 Chapter 3 / Solving Equations 


41. 10=~-—18x+7 42. +z=4 43. 4a += 44. 2n - 3 => 
45. ae 2= = 46. sy += 5 47. ox +a=5 48. 8=7d-1 
49. 8=10x —-5 50. 4=7- 2w 5l. 7.49454 52. of isa 
53. 12x +19=3 54. -6y+5=13 55n 0-44 4-3 = 9 56. =a —3=1 
aie 5 58. TA 59. Fa ie 60. mee 
3 i, 4 3 
61. -2b+4=10 62) 7 = 61 63. 2-2-3 64. Sas 
65. Sx 25-5 66. ax +ia2 67. t_2,=4 68. <-ix=3 
TEX T= 44 74. 5-~=3 75. 7-2y=9 76. 624+ 3 + 2a=— ii 


fiom) ag ot 2y = 23 18, 1x, —4 — 24 —6 190 Nig = 3 [2 =— 9 80. 2x -6x*+1=9 


Si Solve 3x) 4- 4\> 13 when y = —2. 82. Solve 2x — 3y = 8 when y = 0. 


83. Solve —4x + 3y = 9 when x = 0. 84. Solve 5x — 2y = —3 when x = =3. 
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85. If 2x — 3 =7, evaluate 3x + 4. 86. If 3x +5 = —4, evaluate 2x — 5. 
87. If4 — 5x« = -1, evaluate x? — 3x ++. 88. If 2 — 3x = 11, evaluate x? + 2x — 3. 
89. “If 5x:+ 3 — 2x = 12, evaluate 4 — 5x. 90. If 2x — 4 — 7x = 16, evaluate x? + 1. 


Objective B Application Problems 


Solve. Use the markup equation S = C + rC, where S is selling price, C is cost, 
and r is the markup rate. 


91. A watch costing $98 is sold for $156.80. Find the markup rate on the 
watch. 


92. A set of golf clubs costing $360 is sold for $630. Find the markup rate on 
the set of golf clubs. 


93. A markup rate of 40% was used on a basketball with a selling price of 
$82.60. Find the cost of the basketball. 


94. A portable tape player with a selling price of $57 has a markup rate of 
50%. Find the cost of the tape player. 


95. A freezer costing $360 is sold for $520. Find the markup rate. Round to 
the nearest tenth of a percent. 


96. A sofa costing $320 is sold for $479. Find the markup rate. Round to the 
nearest tenth of a percent. 


97. A digitally recorded compact disk has a selling price of $11.90. The 
markup rate is 40%. Find the cost of the CD. 


98. A markup rate of 25% is used on a computer that has a selling price of 
$2187.50. Find the cost of the computer. 


107 


108 
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Solve. Use the discount equation S = R — rR, where S is the sale price, R is the 
regular price, and r is the discount rate. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


An oak bedroom set with a regular price of $1295 is on sale for $995. 
Find the discount rate. Round to the nearest tenth of a percent. 


A stereo system with a regular price of $495 is on sale for $395. Find the 
markdown rate. Round to the nearest tenth of a percent. 


A mechanic’s tool set is on sale for $180 after a markdown of 40% off the 
regular price. Find the regular price. 


A battery with a discount price of $65 is on sale for 22% off the regular 
price. Find the regular price. Round to the nearest cent. 


A compact disk player with a regular price of $325 is on sale for $201.50. 
Find the markdown rate. 


A luggage set with a regular price of $178 is on sale for $103.24. Find the 
discount rate. 


A telescope is on sale for $165 after a markdown of 40% off the regular 
price. Find the regular price. 


An exercise bike is on sale for $390, having been marked down 25% off 
the regular price. Find the regular price. 


The distance s, in feet, that an object will fall in t seconds is given by 
s = 16f? + vt, where v is the initial velocity of the object in feet per second. 


107. 


108. 


Find the initial velocity of an object that falls 80 ft in 2 s. 


Find the initial velocity of an object that falls 144 ft in 3 s. 


A company uses the equation V = C — 6000f to determine the depreciated 
value V, after ¢ years, of a milling machine that originally cost C dollars. Equa- 
tions like this are used in accounting for straight-line depreciation. 


109. 


A milling machine originally cost $50,000. In how many years will the 
depreciated value of the machine be $38,000? 
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110. A milling machine originally cost $78,000. In how many years will the 
depreciated value of the machine be $48,000? 


Anthropologists approximate the height of a primate by the size of its humerus 
(the bone from the elbow to the shoulder) using the equation H = 1.2L + 27.8, 


where L is the length of the humerus and H is the height, in inches, of the 
primate. 


111. An anthropologist estimates the height of a primate to be 66 in. What is 
the approximate length of the humerus of this primate? Round to the 
nearest tenth of an inch. 


112. An anthropologist estimates the height of a primate to be 62 in. What is 
the approximate length of the humerus of this primate? 


Black ice is an ice covering on roads that is especially difficult to see and there- 
fore extremely dangerous for motorists. The distance that a car traveling 
30 mph will slide after its brakes are applied is related to the outside tempera- 


1 
ture by the formula C = 4P — 45, where C is the Celsius temperature and D is 


the distance in feet that the car will slide. 


113. Determine the distance a car will slide on black ice when the outside 
temperature is —3°C. 


114. Determine the distance a car will slide on black ice when the outside 
temperature is — 11°C. 


A telephone company estimates that the number N of phone calls per day 
between two cities of populations P; and P, that are d miles apart is given by 
Paso sy ae 

the equation N = ame 

115. Estimate the population (P:) of a city, given that the population of a sec- 
ond city (P2) is 48,000, the number of phone calls per day between the 
two cities is 1,100,000, and the distance between the cities is 75 mi. 
Round to the nearest thousand. 


116. Estimate the population (P,) of a city given that the population of a sec- 
ond city (P,) is 125,000, the number of phone calls per day between the 
two cities is 2,500,000, and the distance between the cities is 50 mi. 
Round to the nearest thousand. 


109 
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The world record time for a 1-mile race can be approximated by the equation 
t = 17.08 — 0.0067y, where ¢ is the time in minutes and y is the year of the race. 


P17. 


118. 


Approximate the year in which the first “4-minute mile” was run. (The 
actual year was 1954.) Round to the nearest whole number. 


In 1985, the world record for a 1-mile race was 3.77 min. For what year 
does the equation predict this record time? Round to the nearest whole 
number. 


APPLYING THE CONCEPTS 


119. 


120. 


121. 


122. 


123. 


A pair of shoes that now sells for $63 has been marked up 40%. Find the 
markup on the pair of shoes. 


The sale price of a typewriter is 25% off the regular price. The discount 
is $70. Find the sale price. 


The sale price of a television was $180. Find the regular price if the sale 
price was computed by taking one-third off the regular price, followed 
by an additional 15% discount on the reduced price. 


A customer buys four tires, three at the regular price and one for 20% off 
the regular price. The four tires cost $323. What was the regular price of 
a tire? 


Solve: x + 15 = 25 remainder 10 
Does the sentence, “Solve 3x — 4(x — 1)” make sense? Why or why not? 
Explain what is wrong with the following demonstration, which suggests 


that 2.— 3, 


2015 = 3x45 


2 ee ok toe. © Subtract 5 from each side of the equation. 
2x = 3x 
2=3 ¢ Divide each side of the equation by x. 


The following problem does not contain enough information for us to 

find only one solution. Supply some additional information so that the 

problem has exactly one solution. Then write and solve an equation. 
The sum of two numbers is 15. Find the numbers. 


The following problem does not contain enough information. What 
additional information is needed to answer the question? 
How many hours does it take to fly from Los Angeles to New York? 
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General Equations — Part II 


Objective A _ To solve an equation of the form ax + b = cx +d 





ys 
oe 


In solving an equation of the form ax + b = cx +d, the goal is to rewrite the 
equation in the form variable = constant. Begin by rewriting the equation so that 
there is only one variable term in the equation. Then rewrite the equation so that 
there is only one constant term. 


=> Solve: 2x + 3 = 5x -—9 


24° 3) = 5x — 9 


Dien aS = Sha Oy) 19 © Subtract 5x from each side of the equation. 
oc taoe= —9 © Simplify. There is only one variable term. 
Ot eo = 3 © Subtract 3 from each side of the equation. 
OND © Simplify. There is only one constant term. 
=syy lle ae E : 
=a — ag © Divide each side of the equation by —3. 
x=4 e The equation is in the form variable = constant. 


The solution is 4. You should verify this by checking this solution. 


ees : ae ea S 5 ee i Mae eda i bie me or Oe ae i : We a i‘ re stile S sees 4 
Solution ee a Your solution 
AK ON == BL OX 
aie ST 
Ae a tS 
Ake 
ar ae 
Abit oyra4 
Ege 
Z 


§ Mil 
The solution is a 


Solution on p. S5 
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| PRTC Pe TRA Ro OrnoOtOrsOriC OS OOO oon ger DiCio . Bias 


i! Exahiple 2 peal esias 4-—5x =2- 4x i You Try It 2 Solve: 5x — 10 — 3x = 6 — 4x 


wa 


Solution 3x + 4-—-5x =2- 4x Your solution 
Soe eA = ea a 
—2x +4x +4=2-4x + 4x 


20 +-4 = 2 
2n+4—-4=2-4 
26a 
DES 
2 2 
x=-1l 


The solution is —1. 


Solution on pp.S5-S6 


To solve an equation containing parentheses 





When an equation contains parentheses, one of the steps in solving the equation 
requires the use of the Distributive Property. The Distributive Property is used to 
remove parentheses from a variable expression. 


mp Solve: 4 + 5(2x — 3) = 3(4x — 1) 


4 5(24 — 13) = -3(40% — 1) 
44 10x = 15 = 12% — 3 ¢ Use the Distributive Property. Then simplify. 
10% — I sl 3 





10x — 12x — 11 = 12x — 12x —3 _ « Subtract 12x from each side of the equation. 


=k. = i = 3 © Simplify. 
ae See I eo inl Caer oat ¢ Add 11 to each side of the equation. 
—2x = 8 © Simplify. 
=x 8 
ie a ¢ Divide each side of the equation by —2. 


x=-4 ¢ The equation is in the form variable = constant. 
The solution is —4. You should verify this by checking this solution. 


Some application problems result in an equation with parentheses and decimal 
numbers. 
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=> Solve: 16 + 0.55x = 0.75(x + 20) 
16 + 0.55x = 0.75(x + 20) 








16 + 03.505=20.75x.4-,15 e Use the Distributive Property. 
16 + 0.55x — 0.75x = 0.75x — 0.75x + 15 ¢ Subtract 0.75x from each side of the 
equation. 
16 — 0.20x = 15 © Simplify. 
16 — 16 — 0.20x = 15 — 16 e Subtract 16 from each side of the equa- 
tion. 
=0.20..=—1 e Simplify. 
0.20% =i ° Divide each side of the equation by 
=0.20 0206 —0.20. 
x=5 © The equation is in the form 


variable = constant. 
The solution is 5. 


PPT ee eee eee eee eee eee ee eee eee ee eee een e cere ererersererecrersereserereeseerereeeeesesessrereresessseces 


/ Example 3 “You Try It 3 
Selve 3x — 42 — x) = 3(4.—2) — 4 Solve: 5x — 4(3. — 2x) = 2(3x — 2) + 6 
Solution Your solution 


3S AA Oe SG 2) 4 
8B + 40)= 3K-6 — 4 
15 25 = 3x — 10 
ie tot oe Sx ox — 10 


4x —8 = —-10 
AG oo —— 104 8 
4x = -2 
A ae 
4 4 
aia A 
>: 


; : ] 
The solution is aoe 


Ecis Gikeiaipiieiie ells .ele!s)\« [01e, 16) 01 e) 6 © nile)(s 0:6) 0s! i've) 6 #116))¢) 10.0 (6) 010: 10:10) ¢' 01/0 0).0:(0)@)19/8 9. sho A 0. 0:06, 0.10 © 00.0. 0. 0.10 0:0: 6 001000) 016.6, 0 0 60 © © © 1016 6 6 0 0 6 0 6 © 6 6 4) 6:0, 6:6). 01010 [010 


a Example 4 “You Try It 4 
Solve: 3[2 — 4(2x — 1)] = 4« — 10 Solve: —2[3x — 5(2x — 3)] = 3x =8 
Solution Your solution 


3[2 — 4(2x — 1)] =4« — 10 
3[2 — 8x + 4] = 4x — 10 
3[6 — 8x] = 4x — 10 
18 — 24x = 4x — 10 
18 — 24x — 4x = 4x — 4x — 10 
18 — 28x = —10 
18 — 18 — 28x = -10 - 18 








~28x = —28 

28x _ —28 

=38  —28 
x=1 


The solution is 1. 
Solutions on p.S6 
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To solve application problems using formulas 





A lever system is shown at the right. F F, 


It consists of a lever, or bar; a ful- 


























| 60 Ib 901b  crum; and two forces, F, and F,. The 
/ 6—++—4—+| distance d represents the length of 
' _ the lever, x represents the distance E Lever 
eet _ from F, to the fulcrum, and d — x ' Fulcrum 
[. 10 ft -| _ represents the distance from F, to 2 d =I 
This system balances ' the fulcrum. ! | 
_ because : 
lami Kid =) _ A principle of physics states that when the lever system balances, 
_ 60(6) = 90(10 — 6) Bx id=). 
| 60(6) = 90(4) 
_ 360 = 360 
Example 5 Li Try It 5 
A lever is 15 ft long. A force of 50 lb is applied A lever is 25 ft long. A force of 45 lb is 
to one end of the lever, and a force of 100 lb is applied to one end of the lever, and a force 
applied to the other end. Where is the fulcrum of 80 lb is applied to the other end. Where is 
located when the system balances? the location of the fulcrum when the system 
balances? 
Strategy Your strategy 


Make a drawing. 











Given: F, = 50 
F, = 100 
a= 15 

Unknown: x 

Solution 


Your solution 


50x = 100(15 — x) 
50x = 1500 — 100x 
50x + 100x = 1500 — 100x + 100x 





150x = 1500 

150x 1500 

150 150 
x= 10 


The fulcrum is 10 ft from the 50-pound force. 


Solution on p. S6 
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Objective A 


1. 
4. 
7. 
10. 
13: 
16: 
19. 
22. 
25. 

E 

2 | 28. 

z 

e 

§ | 30. 

= 

ee ys 

2 
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3.3 Exercises 





Solve and check. 


If 2y + 3 = 5 — 4y, evaluate 6y — 7. 
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8x +5 = 4x + 13 2. 6y+2=y+17 3. Ora = 25 +05 
13b —-1=4b-19 Sa plate 2 = Ax 13 6. 14 “5 =24 —20 
Sy = ih 2s 8.22 "6 — 37 oo 2 = Ss = Sl 
ea 16 Sy D1 2 5p 12. m+4=3m+8 
4y-8=y-8 14. 5a+7=2a+7 15S 65 3% 
10-—4n=16-n Lge Sead = dbs Ox 18. 3 —=2y = 15 + Ay 
2x —4= 6x 20. 2b — 10= 7b 21. 8m = 3m + 20 
Oy = 5y + 16 23. 8+5=5b4+7 24. 6y — T2742 
1X 8 = ee 26. Je 7 = — l= 2y 21° Ln 1 =) 6rigie® 
If 5x = 3x — 8, evaluate 4x + 2. 29. If 7x + 3 = 5x — 7, evaluate 3x — 2. 

If 2 — 6a = 5 — 3a, evaluate 4a? — 2a + 1. 31. If1—5c =4 — 4c, evaluate 3c? — 4c + 2. 


33. If 3z+1=1 — 5z, evaluate 3z* — 7z + 8. 
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Objective B 





Solve and check. 


84. 542 3 3556) 22a 3) = 16 36. 9n — 3a Die dd 





Siew lks 2 (4X5 —16) = "28 38. 7a —- Ga — 4) = 12 39. 9m — 422m — 3) = 11 


40. 5(3 — 2y)+4y =3 41. 4(1 — 3x) + 7x =9 42. 5y-3=7+ Ay -2) 


43.. 0.22(¢ + 6) = 0.2x + 1.8 44, 0.05(4 — x) + 0.1x = 0.32 45. 0.3% +.0.3@ + 10)-800 


46. 2a-5=4(3a+1)-2 Al. 5.— 9 = 6%) =e? 48. 7-—(5 — 8k)=4«4+3 


49. 3[2 — 4(y — 1)] = 3(2y + 8) 50. 5[2 — (2x — 4)] = 2(5 — 3x) 


51, 3a) 2)27+ 3(a — 1)] = 2Ga + 4) 52.05 + 311 20% = 3)|—= 6G 5) 


SS 214) (3b 2)) = 59— 230 + 6) 54. =4[x = 2(2% = 3)) + l=24—3 


55.. If 4 — 3a = 7 — 2(2a,+ 5), 56.) 19 — 5 =. 12 x (Gxe-e at): 
evaluate a’+Ta. evaluate x? — 3x — 2. 


2 


58. If 32 — 7 = 5(2n + 7), evaluate a oe 
ee 


57. If2z — 5 = 3(4z + 5), evaluate : 
6 





Z— 
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Application Problems 





Solve. Use the lever system equation Fix = Fi(d — x). 


59. A lever 10 ft long is used to move a 100-pound rock. The fulcrum is 


60. 


61. 


62. 


63. 


64. 


65. 


placed 2 ft from the rock. What force must be applied to the other end 
of the lever to move the rock? 


An adult and a child are on a seesaw 14 ft long. The adult weighs 
175 lb and the child weighs 70 lb. How many feet from the child must 
the fulcrum be placed so that the seesaw balances? 


Two people are sitting 15 ft apart on a seesaw. One person weighs 
180 lb. The second person weighs 120 Ib. How far from the 180-pound 
person should the fulcrum be placed so that the seesaw balances? 


Two children are sitting on a seesaw that is 12 ft long. One child weighs 
60 Ib. The other child weighs 90 Ib. How far from the 90-pound child 
should the fulcrum be placed so that the seesaw balances? 


‘In preparation for a stunt, two acrobats are standing on a plank 18 ft 


long. One acrobat weighs 128 lb and the second acrobat weighs 160 lb. 
How far from the 128-pound acrobat must the fulcrum be placed so 
that the acrobats are balanced on the plank? 


A screwdriver 9 in. long is used as a lever to open a can of paint. The 
tip of the screwdriver is placed under the lip of the can with the ful- 
crum 0.15 in. from the lip. A force of 30 lb is applied to the other end 
of the screwdriver. Find the force on the lip of the can. 


A metal bar 8 ft long is used to move a 150-pound rock. The fulcrum is 
placed 1.5 ft from the rock. What minimum force must be applied to 
the other end of the bar to move the rock? Round to the nearest tenth. 


To determine the breakeven point, or the number of units that must be sold 


so that no profit or loss occurs, an economist uses the formula Px = Cx + F, | 


where P is the selling price per unit, x is the number of units that must be 
sold to break even, C is the cost to make each unit, and F is the fixed cost. 


66. 


A business analyst has determined that the selling price per unit for a 
laser printer is $1600. The cost to make the laser printer is $950, and 
the fixed cost is $211,250. Find the breakeven point. 


t 
dh 
a) 
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67. 


68. 


69. 


70. 


71. 
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A business analyst has determined that the selling price per unit for a gas 
barbecue is $325. The cost to make one gas barbecue is $175, and the 
fixed cost is $39,000. Find the breakeven point. 


A manufacturer of thermostats determines that the cost per unit for a pro- 
grammable thermostat is $38 and that the fixed cost is $24,400. The sell- 
ing price for the thermostat is $99. Find the breakeven point. 


A manufacturing engineer determines that the cost per unit for a desk 
lamp is $12 and that the fixed cost is $19,240. The selling price for the 
desk lamp is $49. Find the breakeven point. 


A manufacturing engineer determines the cost to make one compact disc 
to be $3.35 and the fixed cost to be $6180. The selling price for each com- 
pact disc is $8.50. Find the number of compact discs that must be sold to 
break even. 


To manufacture a softball bat requires two steps. The first step is to cut a 
rough shape. The second step is to sand the bat to its final form. The cost 
to rough-shape a bat is $.45, and the cost to sand a bat to final form is 
$1.05. The total fixed cost for the two steps is $16,500. How many softball 
bats must be sold at a price of $7.00 to break even? 


APPLYING THE CONCEPTS 


7P% 


Write an equation of the form ax + b = cx + d that has 4 as the solution. 


Solve. If the equation has no solution, write “no solution.” 


73. 


74. 


75. 





30x71) > (6x — 4) =.-9 


7(3x + 6) — 4(3 + 5x) =13 +x 
1 1 
ie ee Oa (2a is) 


5[m + 2(3 — m)] = 3[2(4 — m) - 5] 


The equation x = x + 1 has no solution, whereas the solution of the equa- 
tion 2x + 3 = 3 is zero. Is there a difference between no solution and a 
solution of zero? Explain your answer. 


Archimedes supposedly said, “Give me a long enough lever and I can 
move the world.” Explain what Archimedes meant by that statement. 
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3.4 


| TAKE NOTE | 
_ You can check the 


solution to a translation 
problem. 


Check: 


5 less than 18 is 13 ) 
18-5 | 13 i 
13.= 13 


: 
: 
i] 
i 
' 
7 


acct se AINSI AETLSAT TSTMS is ccc spenasaeeresetaaesieétt ite 


ee | 


| TAKE NOTE 


Both consecutive even 
and consecutive odd 
integers are represented 
using n,n + 2,n + 4,.... 


oagetanecsbeeN 
Kcasniseseneeseneinnnnionninncneinns 


A OE INES AT EIA RSET ENTAIL OIE 
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Translating Sentences 
into Equations 


To solve integer problems 





An equation states that two mathematical expressions are equal. Therefore, to 
translate a sentence into an equation requires recognition of the words or 
phrases that mean “equals.” Some of these phrases are listed below. 


equals 
is 
is equal to | translate to = 





amounts to 
represents 


Once the sentence is translated into an equation, the equation can be solved by 
rewriting the equation in the form variable = constant. 


~ Translate “five less than a number is thirteen” into an equation and solve. 





The unknown number: n * Assign a variable to the unknown number. 
Five less than is 'lielaete * Find two verbal expressions for the same 

a number eticem value. 
(fim os) = 13 © Write a mathematical expression for each 


verbal expression. Write the equals sign. 


“i—~5+5 


I 


OS ae * Solve the equation. 


n = 18 


The number is 18. 


Recall that the integers are the numbers {..., —4, —3, —2, —1, 0, 1, 2, 3, 4, ...]}. 
An even integer is an integer that is divisible by 2. Examples of even integers are 
—8, 0, and 22. An odd integer is an integer that is not divisible by 2. Examples 
of odd integers are —17, 1, and 39. 


Consecutive integers are integers that jibe abe, 1b! 
follow one another in order. Examples —8, -—7, -6 
of consecutive integers are shown at the n,n+1,n+2 


right. (Assume that the variable 1 repre- 
sents an integer.) 


Examples of consecutive even integers 24, 26, 28 

are shown at the right. (Assume that the —10, —8, -6 
variable n represents an even integer.) n,n+2,n+4 
Examples of consecutive odd integers 192123 

are shown at the right. (Assume that the —1,1,3 
variable n represents an odd integer.) n,n+2,n+4 
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» The sum of three consecutive odd integers is forty-five. Find the integers. 


Strategy 
e First odd integer: n ¢ Represent three consecutive odd 
Second odd integer: n + 2 integers. 


Third odd integer: n + 4 
e The sum of the three odd integers is 45. 


Solution 
n+(n+2)+(n+4)=45 e Write an equation. 
3n +6=45 © Solve the equation. 
3n = 39 
n= 13 e The first odd integer is 13. 
nee 21a 215 ¢ Find the second odd integer. 
n+4=13+4=17 Find the third odd integer. 


The three consecutive odd integers are 13, 15, and 17. 


ce ee eee eee essere erseeeeseeeesreesesreeeeeeseeeeeesereeesaeees reese eeeeeseeeeeseeseeeroeeeseeeceHeeeeeeEeSE EHS ee ER ESE EEO EES 


/Example 1 “You Try It 1 

The sum of two numbers is sixteen. The The sum of two numbers is twelve. The total 

difference between four times the smaller of three times the smaller number and six 

number and two is two more than twice the amounts to seven less than the product of 

larger number. Find the two numbers. four and the larger number. Find the two 
numbers. 

Soiution Your solution 


The smaller number: 1 
The larger number: 16 — n 


The difference two more 


between four times | is | than twice 
the smaller and two the larger 





4n — 2 = 2116 — n) +2 
44) — 2 = 32 — 20 + 2 
4n — 2 = 34 — 2n 

4n + 2n — 2 = 34 —2n + 2n 


6n — 2 = 34 
On = 2472 = 3442 
6n = 36 
On= 36 
6 6 
n=6 


16-2 = 16=—6=,10 


The smaller number is 6. 
The larger number is 10. 


Solution on p. S6 
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Example 2 

Find three consecutive even integers such that 
three times the second equals four more than 
the sum of the first and third. 


Strategy 

e First even integer: 
Second even integer: n + 2 
Third even integer: n + 4 

e Three times the second equals four more 
than the sum of the first and third. 


Solution 
3(n+2)=n+(n+4)+4 
3n+6=2n+ 8 

3n —-2n+6=2n —-2n+8 

n+6=8 

n=2 
m+2=2+2=4 
nm+4=2+4=6 


The three integers are 2, 4, and 6. 


‘+1173. To translate a sentence 


into an equation and solve 


eee ee eee sees eee eee eee eeeeeeseoeseeseeeeesesoseooeeeee 


Example 3 

A wallpaper hanger charges a fee of $25 plus 
$12 for each roll of wallpaper used in a room. 
If the total charge for hanging wallpaper is 
$97, how many rolls of wallpaper were used? 


Strategy 

To find the number of rolls of wallpaper 
used, write and solve an equation using n 
to represent the number of rolls of 
wallpaper used. 


Solution 
$25 plus $12 for each | . 
25 + 12n = 97 
12n = 72 
12 Te 
ie 12 
n=6 


6 rolls of wallpaper were used. 


j 
eee 
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© You Try It 2 
Find three consecutive integers whose sum 
is negative six. 


Your strategy 


Your solution 


Solution on p. S6 





i 
you Try It 3 


The fee charged by a ticketing agency for a 
concert is $3.50 plus $17.50 for each ticket 
purchased. If your total charge for tickets is 
$161, how many tickets are you purchasing? 


Your strategy 


Your solution 


Solution on p. S7 
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\ 
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Example 4 Ne Try It 4 
A board 20 ft long is cut into two pieces. Five A wire 22 in. long is cut into two pieces. The 
times the length of the shorter piece is 2 ft length of the longer piece is 4 in. more than 
more than twice the length of the longer piece. twice the length of the shorter piece. Find 
Find the length of each piece. the length of each piece. 
Strategy Your strategy 


Let x represent the length of the shorter piece. 
Then 20 — x represents the length of the 
longer piece. 


Make a drawing. 


if 


co 
y 


i 
S 
Vv 


ceca ee 






To find the lengths, write and solve an equation 
using x to represent the length of the shorter 
piece and 20 — x to represent the length of the 
longer piece. 


Solution Your solution 


Five times the length a 2 ft more than twice 
of the shorter piece the length of the longer 


i 2(20' — x) + 2 
5x = 40 — 2x + 2 


5x = 42 — 2x 
5x + 2x = 42 — 2x + 2x 
7x = 42 
Gx a2 
Gi of 
x=6 


20—-x=20 -6—14 


The length of the shorter piece is 6 ft. 
The length of the longer piece is 14 ft. 


Solution on p. S7 
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3.4 Exercises 


Objective A 


In Exercises 1 to 19, translate into an equation and solve. 


1. 


10. 


11. 


Ze 


13. 


The difference between a number and fifteen is seven. Find the number. 


The sum of five and a number is three. Find the number. 


The product of seven and a number is negative twenty-one. Find the 
number. 


The quotient of a number and four is two. Find the number. 


The difference between nine and a number is seven. Find the number. 


Three-fifths of a number is negative thirty. Find the number. 


The difference between five and twice a number is one. Find the number. 


Four more than three times a number is thirteen. Find the number. 


The sum of twice a number and five is fifteen. Find the number. 


The difference between nine times a number and six is twelve. Find the 
number. 


Six less than four times a number is twenty-two. Find the number. 


Four times the sum of twice a number and three is twelve. Find the 
number. 


Three times the difference between four times a number and seven is 
fifteen. Find the number. 


124 


14. 


15. 


16. 


Ay. 


18. 


19; 


20. 


ZA. 


ZZ. 


Zoe 


24. 


23, 


26. 


2. 
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Twelve is six times the difference between a number and three. Find the 
number. 


Twice the difference between a number and twenty-five is three times the 
number. Find the number. 


The sum of two numbers is twenty. Three times the smaller is equal to two 
times the larger. Find the two numbers. 


The sum of two numbers is fifteen. One less than three times the smaller 
is equal to the larger. Find the two numbers. 


The sum of two numbers is fourteen. The difference between two times 
the smaller and the larger is one. Find the two numbers. 


The sum of two numbers is eighteen. The total of three times the smaller 
and twice the larger is forty-four. Find the two numbers. 


The sum of three consecutive odd integers is fifty-one. Find the integers. 


Find three consecutive even integers whose sum is negative eighteen. 


Find three consecutive odd integers such that three times the middle inte- 
ger is one more than the sum of the first and third integers. 


Twice the smallest of three consecutive odd integers is seven more than 
the largest. Find the integers. 


Find two consecutive even integers such that three times the first equals 
twice the second. 


Find two consecutive even integers such that four times the first is three 
times the second. 


Seven times the first of two consecutive odd integers is five times the sec- 
ond. Find the integers. 


Find three consecutive even integers such that three times the middle 
integer is four more than the sum of the first and third integers. 
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2 Objective B 2 


28. 


29; 


30. 


Si. 


32. 


33. 


34. 


35. 


36. 
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Application Problems 





The processor speed of a personal computer is 80 megahertz (mHz). This 
is one-third of the processor speed of a newer model personal computer. 
Find the processor speed of the newer personal computer. 


The storage capacity of a hard-disk drive is 0.5 gigabyte. This is one- 
fourth of the storage capacity of a second hard-disk drive. Find the stor- 
age capacity of the second hard-disk drive. 


A union charges monthly dues of $4.00 plus $.15 for each hour worked 
during the month. A union member’s dues for March were $29.20. How 
many hours did the union member work during the month of March? 


A technical information hotline charges a customer $9.00 plus $.50 per 
minute to answer questions about software. How many minutes did a cus- 
tomer who received a bill for $14.50 use this service? 


The total cost to paint the inside of a house was $1346. This cost included 
$125 for materials and $33 per hour for labor. How many hours of labor 
were required to paint the inside of the house? 


The cellular phone service for a business executive is $35 per month plus 
$.40 per minute of phone use. In a month when the executive's cellular 
phone bill was $99.80, how many minutes did the executive use the 
phone? 


A computer screen consists of tiny dots of light called pixels. In a certain 
graphics mode, there are 640 horizontal pixels. This is 40 more than three 
times the number of vertical pixels. Find the number of vertical pixels. 


The cost of electricity in a certain city is $.08 for each of the first 300 kWh 
(kilowatt-hours) and $.13 for each kilowatt-hour over 300 kWh. Find the 
number of kilowatt-hours used by a family with a $51.95 electric bill. 


A 12-foot board is cut into two pieces. Twice the length of the shorter 
piece is 3 ft less than the length of the longer piece. Find the length of each 
piece. 
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37. 


38. 


39. 
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A 14-yard fishing line is cut into two pieces. Three times the length of the 
longer piece is four times the length of the shorter piece. Find the length 
of each piece. 


Seven thousand dollars is divided into two scholarships. Twice the 
amount of the smaller scholarship is $1000 less than the larger scholar- 
ship. What is the amount of the larger scholarship? 


An investment of $10,000 is divided into two accounts, one for stocks and 
one for mutual funds. The value of the stock account is $2000 less than 
twice the value of the mutual fund account. Find the amount in each 
account. 


APPLYING THE CONCEPTS 





Make up two word problems; one that requires solving the equation 
6x = 123 and one that requires solving the equation 8x + 100 = 300 to 
find the answer to the problem. 


A formula is an equation that relates variables in a known way. Find two 
examples of formulas that are used in your college major. Explain what 
each of the variables represents. 


An equation that is never true is called a contradiction. For example, 
x =x + 1 is a contradiction; there is no value of x that will make the equation 
true. An equation that is true for all real numbers is called an identity. The 
equation x + x = 2x is an identity; this equation is true for any real number. A 
conditional equation is one that is true for some real numbers and false for 
some real numbers. The equation 2x = 4 is a conditional equation; this equa- 
tion is true when x is 2 and false for any other real number. Determine whether 
each equation below is a contradiction, an identity, or a conditional equation. 
If it is a conditional equation, find the solution. 


42. 


44. 





Oot 2.5 30x — 1) 43. 93240 4 i= 5 ol) 
Bett 1) = 22 — 7) 9 45. 6+ 42y + 1)=5 — 8y 
30 2 22 iv) 47. 9z=15z 


It is always important to check the answer to an application problem to 
be sure the answer makes sense. Consider the following problem, A 4- 
quart mixture of fruit juices is made from apple juice and cranberry juice. 
There are 6 more quarts of apple juice than of cranberry juice. Write and 
solve an equation for the number of quarts of each juice used. Does the 
answer to this question make sense? Explain. 
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Objective A_ 


Point of Interest 

) la Vinci painted the 
n Qn a rectangular 
canvas whose height was 
approximately 1.6 times its 
width. Rectangles with these 
proportions, called golden 
rectangles, were used 
extensively in Renaissance art. 





To solve perimeter problems 





Geometry Problems 
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The perimeter of a plane geometric figure is a measure of the distance around 
the figure. Perimeter is used in buying fencing for a lawn or determining how 


much baseboard is needed for a room. 


The perimeter of a triangle is the 
sum of the lengths of the three sides. 
Therefore, if a, b, and c represent the 
lengths of the sides of a triangle, the 
perimeter, P, of the triangle is given by 
P=a+bte. 


a | : b 
z 


P=at+bt+e 


Two special types of triangles are shown below. An isosceles triangle has 
two sides of equal length. The three sides of an equilateral triangle are of 


equal length. 


A B 


Isosceles triangle 
AC=BC 


The perimeter of a rectangle is the sum 
of the lengths of the four sides. Let 
L represent the length and W the width 
of a rectangle. Then the perimeter, 
P, of the rectangle is given by 
P=L+W+L+W. After we com- 
bine like terms, the formula is 
P=2L + 2W. 


A square is a rectangle in which each 
side has the same length. Let s repre- 
sent the length of each side of a square. 
Then the perimeter, P, of the square 
is-given by P=s +s +54 s. After 
we combine like terms, the formula is 
P=As. 


Ee 
Equilateral triangle 
AB=AC=BC 


LE 
LE 


[ee E, Se NYY. 


Formulas for Perimeters of Geometric Figures 


Perimeter of a triangle (ie Else ils (6 
Perimeter of a rectangle P=2L+ 2W 


Perimeter of a square P= As 
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“> The perimeter of a rectangle is 26 ft. The length of the rectangle is 1 ft more 
than twice the width. Find the width and length of the rectangle. 





Strategy 
2W+1 ¢ Width: W © Let a variable represent the width. 
Lengthy 2W ral ¢ Represent the length in terms of that variable. 
Ww ¢ Use the formula for the 
perimeter of a rectangle. 
Solution 
P= 2+ 2W- 
26 = 22W + 1) + 2W © P= 26. Substitute 2W + 1 for L. 
26=4W+2+ 2W ¢ Use the Distributive Property. 
26 =6W +2 ¢ Combine like terms. 
24 = 6W © Subtract 2 from each side of the equation. 
4=W © Divide each side of the equation by 6. 
L=2W+1 ¢ Find the length of the rectangle by 
ituti in2W + 1. 
ae {oes 16 substituting 4 for Win 2 
The width is 4 ft. The length is 9 ft. 
Example 1 ia Try It 1 
The perimeter of an isosceles triangle is A carpenter is designing a square patio with 
25 ft. The length of the third side of the a perimeter of 52 ft. What is the length of 
triangle is 2 ft less than the length of one of the each side? 


equal sides. Find the measures of each of the 
three sides of the triangle. 


Strategy Your strategy 
e Length of each equal side: x 

Length of the third side: x — 2 
e Use the equation for the perimeter of a 

triangle. 


Solution Your solution 
P=a+b¢éc 
DS x + (ae +2) 


DS) == Boe = 2 
DH == Bxre 
9 =% 


ce NER Ry) 


Each of the equal sides measures 9 ft. 
The third side measures 7 ft. 


Solution on p. S7 
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Objective B To solve problems involving 


angles formed by intersecting lines 





A unit used to measure angles is the degree. The symbol for degree is °. Z is the 
symbol for angle. 


One complete revolution is 360°. It is probable that the Babylonians chose 360° 
for a circle because they knew that there were 365 days in one year, and 360 is 
the closest number to 365 that is divisible by many numbers. 


A 90° angle is called a right angle. The 
symbol b represents a right angle. Angle C 90° 


(ZC) is a right angle. 


360° 






Point of Interest A 180° angle is called a straight angle. The 180° 
gree first appeared angle at the right is a straight angle. poem ey 


Canterbury Tales, 


s written in 1386. : 
3 An acute angle is an angle whose measure 


is between 0° and 90°. ZA at the right is an 
acute angle. 


An obtuse angle is an angle whose measure 
is between 90° and 180°. ZB at the right is 
an obtuse angle. 


Complementary angles are two angles 
whose measures have the sum 90°. 


ZD + ZE = 70° + 20° = 90° 
ZD and ZE are complementary angles. 


Supplementary angles are two angles 
whose measures have the sum 180°. 


ZF + ZG = 130° + 50° = 180° 
ZF and ZG are supplementary angles. 


= Given the diagram at the left, find x. 


Strategy 


The sum of the measures of the three angles is 360°. 
To find x, write an equation and solve for x. 





Solution 


3x + 4x + 5x = 360° 
12% = 360° 
Le= 30° 


The measure of x is 30°. 
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Parallel lines never meet. The distance eee 
between them is always the same. The sym- 
bol || means “is parallel to.” In the figure at ——— 


the right, ¢, || €. 


Perpendicular lines are intersecting lines p 
that form right angles. The symbol | means 
“is perpendicular to.” In the figure at the 
right, p 1 q. 





4 











Four angles are formed by the intersection of two lines. If the two lines are per- 
pendicular, then each of the four angles is a right angle. If the two lines are not 
perpendicular, then two of the angles formed are acute angles and two of the 
angles are obtuse angles. The two acute angles are always opposite each other, 
and the two obtuse angles are always opposite each other. 


In the figure at the right, Zw 
and Zy are acute angles, and Zx 
and Zz are obtuse angles. 





Two angles that are on opposite 
sides of the intersection of two 


lines are called vertical angles. Vertical angles have the same measure. 
Vertical angles have the same Zw = Ly 

measure. Zw and Zy are verti- Vey 

cal angles. 2x and Zz are verti- 

cal angles. 


Two angles that share a com- 
mon side are called adjacent 
angles. For the figure shown 


Adjacent angles of intersecting lines are 
supplementary angles. 


above, 2x and Zy are adjacent Zx + Zy = 180° 
angles, as are Zy and Zz, Zz Zy + Zz = 180° 
and Zw, and Zw and Zx. Adja- Lz +* Zw = 180° 
cent angles of intersecting lines UN = 1 Oe 


are supplementary angles. 


»» In the diagram at the left, 2b = 115°. Find the measures of angles a, c, and d. 


k 
b Za + Lb = 180° ° Zais supplementary to 7b because Za and /b 
P * Za + 115° = 180° are adjacent angles of intersecting lines. 
Za = 65° 
d 
G ° 
Zc =65 ° 2c = Zabecause 4c and Za are vertical angles. 
Za = 115° e 2d = /b because /d and /b are vertical angles. 
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A line that intersects two other lines at 
different points is called a transver- 
sal. If the lines cut by a transversal t 
are parallel lines and the transversal is 
not perpendicular to the parallel lines, 
then all four acute angles have the 
same measure and all four obtuse 
angles have the same measure. In the 
figure at the right, 





LO = =a 
Za ENO SEWN NG 











Alternate interior angles are two 
angles that are on opposite sides of 
the transversal and between the lines. 
In the figure above, Zc and Zw are 
alternate interior angles, and Zd and 
Zx are alternate interior angles. Alter- 
nate interior angles have the same 
measure. 


Alternate exterior angles are two 
angles that are on opposite sides of 
the transversal and outside the paral- 
lel lines. In the figure above, Za and 
Zy are alternate exterior angles, and 
Zb and Zz are alternate exterior 
angles. Alternate exterior angles have 
the same measure. 


Corresponding angles are two angles 
that are on the same side of the trans- 
versal and are both acute angles or are 
both obtuse angles. In the figure 
above, the following pairs of angles 
are corresponding angles: Za and 
LW Leanna, 2p and 2x, and Ze 
and Zy. Corresponding angles have 
the same measure. 
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Alternate interior angles have the 
same measure. 


Zc = Zw 
Lb= 2% 


Alternate exterior angles have the 
same measure. 

LEO = EN) 

Lb=Lz 


Corresponding angles have the 
same measure. 


MMO —= EMV) 
Ld= Lz 
Lp =x 
A = Js) 


=» In the diagram at the left, ¢, || €, and Zf = 58°. Find the measures of Za, Zc, 


and 2d. 

Za = Lf = 58° e /aand /f are corresponding angles. 
Lo = Lf = 58° e /cand /f are alternate interior angles. 
Zd+ Za = 180° © /d is supplementary to 7 a. 


Zd + 58° = 180° 
Zd = 122° 
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EOE 2 “You Try It 2 
Find the complement of a 39° angle. Find the supplement of a 107° angle. 
Strategy Your strategy 


To find the complement, let x represent the 
complement of a 39° angle. Use the fact that 
complementary angles are two angles whose 
sum is 90° to write an equation. Solve for x. 





Solution Your solution 
x + 39° = 90° 
x=51° 
The complement of a 39° angle is a 
51 -anole. 
Example 3 he: Try It 3 
Find x. Find x. 
Strategy Your strategy 
The angles labeled are adjacent angles of 
intersecting lines and are therefore 
supplementary angles. To find x, write an 
equation and solve for x. 
Solution Your solution 
x + (« + 70°) = 180° 
24 + 70° = 180° 
2% = 1107 
ei 55" 
ARSE ie eg nares eeu nd Menara eres Len PRPS Ee eae Ber atid $Pealge veihe oa eeie Ria ate eee ee 
Example 4 ‘You Try It 4 


Given £, || €,, find x. Given £, || €,, find x. 





Strategy Your strategy 
3x = y because corresponding angles have the 

same measure. y + (x + 40°) = 180° because 

adjacent angles of intersecting lines are 

supplementary angles. Substitute 3x for y and 

solve for x. 


Solution Your solution 
y + (x + 40°) = 180° 
3% +(x + 40°) = 180° 
4x + 40° = 180° 
4x = 140° 
x = 35° 


Solutions on p.S7 
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Objective C To solve problems 
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involving the angles of a triangle 


If the lines cut by a transversal are not parallel : 
lines, then the three lines will intersect at three 
points. In the figure at the right, the transversal 
t intersects lines p and q. The three lines inter- Pp 
sect at points A, B, and C. The geometric figure C 
formed by AB, BC, and AC is a triangle. A q 
The angles within the region enclosed by the tri- ; 
angle are called interior angles. In the figure at 
the right, angles a, b, and c are interior angles. 
The sum of the measures of the interior angles ee Pp 
is 180°. ES 
q 


Za+Zb+ Zc = 180° 









The Sum of the Measures of the Interior Angles of 
a Triangle 


The sum of the measures of the interior angles of a triangle is 180°. 


An angle adjacent to an interior angle is an exte- 
rior angle. In the figure at the right, angles m 
and n are exterior angles for angle a. The sum of 
the measures of an interior and an exterior n 
angle is 180°. 


AL 


Za+ Zm = 180° 
Za+ Zn = 180° 


=» Given that Zc = 40° and Ze = 60°, find the 
measure of 2d. 





Za = Ze = 60° e /aand Ze are vertical angles. 


Ze + Za + 2b = 180° ¢ The sum of the interior angles is 180°. 
40° + 60° + Zb = 180° 
100° + 2b = 180° 





Lb = 80° 
Zb + Zd = 180° e /band Zd are supplementary angles. 
80° + Zd = 180° 
Zd = 100° 


13 


Example 5 : You Try It 5 


| 
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Given that Za = 45° and Zx = 100°, find the 
measures of angles b, c, and y. 





Strategy 

e To find the measure of Zb, use the fact that 
Zb and 2x are supplementary angles. 

e To find the measure of Zc, use the fact that 
the sum of the measures of the interior 
angles of a triangle is 180°. 

© To find the measure of Zy, use the fact that 
Zc and Zy are vertical angles. 


Solution 
Zb + Zx = 180° 
Zb + 100° = 180° 
Lb = 80° 


Za+Zb+ Zc = 180° 
45° + 80° + Zc = 180° 
15°44" Ze = 180" 

LC = Do 


Zy = Ze = 55° 


eee eres ose er eee seer ee eeeseeeoeeres ee ee eeeeeoeeeoeeeeeeesoe 


Example 6 
Two angles of a triangle measure 43° and 86°. 
Find the measure of the third angle. 


Strategy 

To find the measure of the third angle, use the 
fact that the sum of the measures of the 
interior angles of a triangle is 180°. Write an 
equation using x to represent the measure of 
the third angle. Solve the equation for x. 


Solution 
x + 43° + 86° = 180° 
x + 129° = 180° 
y= 51 


The measure of the third angle is 51°. 


Given that Zy = 55°, find the measures of 
angles a, b, and d. 





Your strategy 


Your solution 


BH Try It 6 


One angle in a triangle is a right angle, and 
one angle measures 27°. Find the measure of 
the third angle. 


Your strategy 


Your solution 


Solutions on pp. S7-S8 
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Objective A 





10. 


11. 


12. 


Section 3.5 / Geometry Problems 


3.5 Exercises 





What is the difference between an isosceles triangle and an equilateral 
triangle? 


Is there enough information given in the problem “Find the length and 


& width of a rectangle whose perimeter is 40 cm.” to solve it? Suppose the 
‘ problem is changed to “Find the length and width of a square whose 


perimeter is 40 cm.” Is there enough information to solve this problem? 


In an isosceles triangle, the length of the third side is 50% of the length of 
one of the equal sides. Find the length of each side when the perimeter 
is 125) ft. 


In an isosceles triangle, the length of one of the equal sides is 3 times 
the length of the third side. The perimeter is 21 m. Find the length of 
each side. 


The perimeter of a rectangle is 42 m. The length of the rectangle is 3 m 
less than twice the width. Find the length and width of the rectangle. 


The width of a rectangle is 25% of the length. The perimeter is 250 cm. 
Find the length and width of the rectangle. 


The perimeter of a rectangle is 120 ft. The length of the rectangle is twice 
the width. Find the length and width of the rectangle. 


The perimeter of a rectangle is 50 m. The width of the rectangle is 5 m less 
than the length. Find the length and width of the rectangle. 


The perimeter of a triangle is 110 cm. One side is twice the second side. 
The third side is 30 cm more than the second side. Find the length of 
each side. 


The perimeter of a triangle is 33 ft. One side of the triangle is 1 ft longer 
than the second side. The third side is 2 ft longer than the second side. 
Find the length of each side. 


The width of the rectangular foundation of a building is 30% of the 
length. The perimeter of the foundation is 338 ft. Find the length and 
width of the foundation. 


The perimeter of a rectangular playground is 440 ft. If the width is 100 ft, 
what is the length of the playground? 
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13. A rectangular vegetable garden has a perimeter of 64 ft. The length of the 
garden is 20 ft. What is the width of the garden? 









14. Each of two sides of a triangular banner measures 18 in. If the perimeter 
of the banner is 46 in., what is the length of the third side of the 
banner? 


15. The perimeter of a square picture frame is 48 in. Find the length of each 
side of the frame. 


16. A square rug has a perimeter of 32 ft. Find the length of each side of the 
rug. 


Objective B 
17. Place the words supplementary and complementary in the correct posi- 


tions in the following sentence. angles are to right angles 
as ___________ angles are to straight angles. 





18. Place the phrases on the same and on different in the correct positions in 
the following sentence. Corresponding angles are ____________ sides) 
of the transversal; alternate interior angles are _____________ sides) of 
the transversal. 


19. Find the complement of a 28° angle. 20. Find the complement of a 46° angle. 


21. Find the supplement of a 73° angle. 22. Find the supplement of a 119° angle. 


Find the measure of 2x. 


ZS: 24. 





Find the measure of Za. 


26. Zi. 


a (272 
53 a 
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Section 3.5 / Geometry Problems 


Find the measure of Za. 


28. Zo; 


168° Wie 


Find x. 





Find the measure of 2x. 





36. 37. 
Find x. 
38. j 39. 
5x Ean ayaa 
k 
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Given that f;, || €,, find the measures of angles a and b. 











40. 41. 
42. 43. 
Given that , || €,, find x. 

44. 45. 
46. 47. 





48. Given that Za = 51°, find the measure of Zb. 


49. Given that Za = 38°, find the measure of Zb. 


a 





a 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


_ Objective C 


Section 3.5 / Geometry Problems 





50. Given that Za = 95° and 2b = 70°, find the measures of angles x 
and y. 


51. Given that Za = 35° and 2b = 55°, find the measures of angles x 
and y. 


52. Given that Zy = 45°, find the measures of angles a and b. 


53. Given that Zy = 130°, find the measures of angles a and b. 


54. Given that AO | OB, express in terms of x the number of degrees 
in ZBOC. 4 


55. Given that AO | OB, express in terms of x the number of degrees 
in ZAOC. 
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SY 
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56. 


sve 


58. 


aa. 


60. 


61. 


Chapter 3 / Solving Equations 


One angle in a triangle is a right angle, and one angle measures 30°. What 
is the measure of the third angle? 


A triangle has a 45° angle and a right angle. Find the measure of the 
third angle. 


Two angles of a triangle measure 42° and 103°. Find the measure of the 
third angle. 


Two angles of a triangle measure 62° and 45°. Find the measure of 
the third angle. 


A triangle has a 13° angle and a 65° angle. What is the measure of the 
third angle? 


A triangle has a 105° angle and a 32° angle. What is the measure of the 
third angle? 


APPLYING THE CONCEPTS 


62. 


63. 


64. 


66. 


A rectangle and an equilateral triangle have the same perimeter. The 
length of the rectangle is three times the width. Each side of the triangle 
is 8 cm. Find the length and width of the rectangle. 


The length of a rectangle is 1 cm more than twice the width. If the length 
of the rectangle is decreased by 2 cm and the width is decreased by 1 cm, 
the perimeter is 20 cm. Find the length and width of the original rectangle. 


For the figure at the right, find the sum of the measures of angles 
x, y, and z. 


For the figure at the right, explain why Za + Zb = Zx. Write a 
rule that describes the relationship between an exterior angle of a 
triangle and the opposite interior angles. Use the rule to write an 
equation involving angles a, c, and z. 


The length of a rectangle is 14x. The perimeter is 50x. Find the width of 
the rectangle in terms of the variable x. 
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Mixture and Uniform 
Motion Problems 


Objective A _ To solve value mixture problems 





A value mixture problem involves combining two ingredients that have different 
prices into a single blend. For example, a coffee merchant may blend two types 
of coffee into a single blend, or a candy manufacturer may combine two types of 
candy to sell as a variety pack. 

TAKE Poe The solution of a value mixture problem is based on the equation AC = V, where 

Tee A Vis : A is the amount of an ingredient, C is the cost per unit of the ingredient, and V 

Need io fad thé valas of is the value of the ingredient. 

an ingredient. For i 

example, the value of =» A coffee merchant wants to make 6 lb of a blend of coffee costing $5 per 

4 lb of cashews costing pound. The blend is made using a $6-per-pound grade and a $3-per-pound 


sananeRURENARNR 


en 


nO A ARS NE ONENESS ATTN 


6 di 

A grade of coffee. How many pounds of each of these grades should be used? 
AC=V 
4-6=V 
$24 =V eee@eeee#sgq@*eeee+weoeee#ee#eeseete@#eo#e#eeeeeee45ue*ee#e#eogtsem; ev, ee e@ee#eee?es# 


Strategy for Solving a Value Mixture Problem 


(OIRO II AI CAEL RRR COL ETRSARSCt Re 


1. For each ingredient in the mixture, write a numerical or variable expression for the 
amount of the ingredient used, the unit cost of the ingredient, and the value of the 
amount used. For the blend, write a numerical or variable expression for the amount, 
the unit cost of the blend, and the value of the amount. The results can be recorded in 
a table. 


er a oh ae tet OO Sak et Sek Diet See jot St Sa eet ee et See ee ee ee he ee es 


a Pe a 
eceoeeceoeoe SM 


The sum of the amounts is 6 lb. Amount of $6 coffee: x 
Amount of $3 coffee: 6 — x 


(gS A Ca ESA CRRA COAST RRRESA EE EERE ESLER 


TAKE NOTE 


Use the information i 
given in the problem to 
fill in the amount and i 
unit cost columns of the 
table. Fill in the value 


seoneopeaneanre Nee SEEN 





SRSREARTON 


scmpeasons 


_ column by multiplying 

RitcenauerOESyON fg 9.8. 8.8 28 8. @ 2,890.8. 9 8 O88 Ste OO Soe ole teat aca O tester Mer ta Roe kee 
een en at _ «2. Determine how the values of the ingredients are related. Use the fact that the sum of ° 
ae soni eae ie the values of all the ingredients is equal to the value of the blend. ° 
_ the equation. i 





‘ 


The sum of the values of the $6 grade and the $3 grade is equal to the value 
of the $5 blend. 


O% 301 1) = 2510) 
6c 18 — 3% — 30 


3x + 18 = 30 
3x = 12 
x=4 


6—-x=6-4=2 
The merchant must use 4 lb of the $6 coffee and 2 lb of the $3 coffee. 
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EE SiR 1 : 


How many ounces of a silver alloy that 
costs $4 an ounce must be mixed with 
10 oz of an alloy that costs $6 an ounce 
to make a mixture that costs $4.32 

an ounce? 


Strategy 





© Ounces of $4 alloy: x 





e The sum of the values before mixing equals 
the value after mixing. 


Solution 
4x + 6(10) = 4.32(10 + x) 


4x + 60 = 43.2 + 4.32x 
—0.32x + 60 = 43.2 
—0.32x = —16.8 
x= 52.5 


52.5 oz of the $4 silver alloy must be used. 


You Try It 1 

A gardener has 20 lb of a lawn fertilizer 
that costs $.80 per pound. How many 
pounds of a fertilizer that costs $.55 per 
pound should be mixed with this 20 lb of 
lawn fertilizer to produce a mixture that 
costs $.75 per pound? 


Your strategy 


Your solution 


Solution on p. S8 
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[TAKE NOTE 


senecstess 


sions 


SSAA NAL ENERO ETERS 


ERE NROREREREI 


Objective B 





Use the information i 
given in the problem to 
fill in the amount and 
percent columns of the 
table. Fill in the 
quantity column by 
multiplying the two 
expressions you wrote in 
each row. Use the 
expressions in the last 
column to write the j 
equation. 


shleocenesemeeegeneecosneneateeniY 


SULLA A ATURE COTE BELEN LE ETO 
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To solve percent mixture problems 





The amount of a substance in a solution can be given as a percent of the total 
solution. For example, in a 5% salt water solution, 5% of the total solution is salt. 
The remaining 95% is water. 


Solving a percent mixture problem can be done using the equation Ar = Q, 
where A is the amount of a solution, r is the percent concentration of a substance 
in the solution, and Q is the quantity of the substance in the solution. 


For example, a 500-milliliter bottle is filled with Ar=O 
a 4% solution of hydrogen peroxide. 500(0.04) = Q 
20=Q 


The bottle contains 20 ml of hydrogen peroxide. 


=» How many gallons of a 20% salt solution must be mixed with 6 gal of a 30% 
salt solution to make a 22% salt solution? 





Ce ts ne ee ee ee 
° Strategy for Solving a Percent Mixture Problem ® 
r 1. For each solution, write a numerical or variable expression for the amount of solution, q 
e the percent concentration, and the quantity of the substance in the solution. The results» 
e can be recorded in a table. ° 
OS ss 8 8 ee ee ee ee ee OER OE OC Oe SS eee 

The unknown quantity of 20% solution: x 
Ftc eererevcecererceereererreserreererre2eereeeee rg 
* 2. Determine how the quantities of the substances in the solutions are related. Use the ° 
; fact that the sum of the quantities of the substances being mixed is equal to the quan- e 
° tity of the substance after mixing. e 
See ss eS Se sak ae 8 ke 8 8k eS Se 8 ee ee ee ee ee ee ee ee 

The sum of the quantities of the sub- 0.20x + 0.30(6) = 0.22(% + 6) 

stances in the 20% solution and the 0.20% + 1.80 = 0.22% -— 1732 

30% solution is equal to the quantity of —0.02x + 1.80 = 1.32 

the substance in the 22% solution. —0.02x = —0.48 

x = 24 


24 gal of the 20% solution are required. 
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ei eC Ce 
Me CeCe ome e eee ere eee eee eee ee eee eee eesSsroseeerer ee Mere seeesersssereses dicrereseerenee 


“Example 2 » You Try It 2 
A chemist wishes to make 2 L of an 8% acid A pharmacist dilutes 5 L of a 12% solution 
solution by mixing a 10% acid solution and a with a 6% solution. How many liters of the 
5% acid solution. How many liters of each 6% solution are added to make an 8% 
solution should the chemist use? solution? 
Strategy Your strategy 





e Liters of 10% solution: x 
Liters of 5% solution: 2 — x 








° The sum of the quantities before mixing is 
equal to the quantity after mixing. 


Solution Your solution 
0:10«.+ 0.05(2 — x) = 0.08(2) 


0.10x + 0.10 — 0.05x = 0.16 
0.05x + 0.10 = 0.16 
0.05x = 0.06 

x= 1.2 


2-452 — 1.2 = 0.8 


The chemist needs 1.2 L of the 10% solution 
and 0.8 L of the 5% solution. 


Solution on p. S8 
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Objective C To solve uniform motion problems € 


TAKE NOTE 


_ Use the information 


given in the problem to 


fill in the rate and time 


columns of the table. 


_ Find the expression in 


the distance column by 


_ multiplying the two 
_ expressions you wrote in 
_ each row. 
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A train that travels constantly in a straight line at 50 mph is in uniform motion. 
Uniform motion means that the speed or direction of an object does not change. 


The solution of a uniform motion problem is based on the equation rt = d, where 
r is the rate of travel, ¢ is the time spent traveling, and d is the distance traveled. 


For example, a car travels 50 mph for 3 h. rt=d 
50:-3=d 
150=d 


The car travels a distance of 150 mph. 


»» A car leaves a town traveling at 40 mph. Two hours later, a second car leaves 
the same town, on the same road, traveling at 60 mph. In how many hours 
will the second car pass the first car? 


, OS ee ee Oe e-em, | 


Strategy for Solving a Uniform Motion Problem 


1. For each object, write a numerical or variable expression for the rate, time, and dis- 
tance. The results can be recorded in a table. 


QS Se Ss eee ee re ee Tr ee ee eT eee ee 


The first car traveled 2 h First car SEPSs d = 40(¢ + 2) 
longer than the second car. 
| 

+ a . | 
Unknown time for the second car: t Second car SERB 


Time for the first car: t + 2 Ae GOL 





0 8 6 6 6 00 6 6 6 6. 0 0 6. 6 8 8 0 6 6.0. 6 6 6 6 Ce . 8 0 F 2. 2.2. S26 282 
2. Determine how the distances traveled by the two objects are related. For example, the —« 
total distance traveled by both objects may be known, or it may be known that the two» 
objects traveled the same distance. 8 


~set jn ye on dt St Se Mie Yk Je Jo ak sk St a a ne I a a 


| ne 


The two cars travel the same distance. 40(t + 2) = 60t 
40t + 80 = 60t 
80 = 20t 

4=t 


The second car will pass the first car in 4 h. 
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| | Example 3 
Two cars, one traveling 10 mph faster than 
the other, start at the same time from the same 
point and travel in opposite directions. In 
3 h they are 300 mi apart. Find the rate of 
each car. 


Strategy 
¢ Rate of 1st car: r 
Rate of 2nd car: r + 10 





e The total distance traveled by the two cars is 
300 mi. 


Solution 
3r + 3(r + 10) = 300 
3r + 3r + 30 = 300 


6r + 30 = 300 
6r = 270 
r= 45 


r+ 10=45 + 10 =55 


The first car is traveling 45 mph. 
The second car is traveling 55 mph. 


Toe Bo eee ere eee reer ere 


q Example 4 
How far can the members of a bicycling club 
ride out into the country at a speed of 12 mph 
and return over the same road at 8 mph if they 
travel a total of 10 h? 


Strategy 
e Time spent riding out: t 
Time spent riding back: 10 — t 





e The distance out equals the distance back. 


Solution 
12t = 8(10 — 2) 
12t = 80 — 8t 
20t = 80 
t=4 (The time is 4 h.) 


The distance out = 12¢ = 12(4) = 48 mi. 
The club can ride 48 mi into the country. 


eiece).0: 6 50. le. 0.0:10: & 708) ol eke alle, we 016 6¥e e ekeye eo Shevere ure ne e7816_ 0 Mae eLe 0), (0/8 )0)Ce 


fae Try It 3 


Two trains, one traveling at twice the speed 
of the other, start at the same time on 
parallel tracks from stations that are 288 mi 
apart and travel toward each other. In 3 h, 
the trains pass each other. Find the rate of 
each train. 


Your strategy 


Your solution 


5 


eececee rece oc e oe eee ese oe eee eee ee eee eee eee eeeeeeeeseeeees 


BYou Try It 4 
A pilot flew out to a parcel of land and back 
in 5 h. The rate out was 150 mph, and the 
rate returning was 100 mph. How far away 
was the parcel of land? 


Your strategy 


Your solution 


Solutions on p. S8 
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Section 3.6 / Mixture and Uniform Motion Problems 


3.6 Exercises 


Objective A 


10. 


Application Problems 


An herbalist has 30 oz of herbs costing $2 per ounce. How many ounces 
of herbs costing $1 per ounce should be mixed with the 30 oz to produce 
a mixture costing $1.60 per ounce? 


The manager of a farmer's market has 500 lb of grain that costs $1.20 per 
pound. How many pounds of meal costing $.80 per pound should be 
mixed with the 500 lb of grain to produce a mixture that costs $1.05 per 
pound? 


Find the cost per pound of a meatloaf mixture made from 3 lb of ground 
beef costing $1.99 per pound and 1 lb of ground turkey costing $1.39 per 
pound. 


Find the cost per ounce of a sunscreen made from 100 oz of a lotion that 
costs $2.50 per ounce and 50 oz of a lotion that costs $4.00 per ounce. 


A snack food is made by mixing 5 lb of popcorn that costs $.80 per pound 
with caramel that costs $2.40 per pound. How much caramel is needed to 
make a mixture that costs $1.40 per pound? 


A wild birdseed mix is made by combining 100 lb of millet seed costing 
$.60 per pound with sunflower seeds costing $1.10 per pound. How many 
pounds of sunflower seeds are needed to make a mixture that costs $.70 
per pound? 


Ten cups of a restaurant's house Italian dressing is made by blending olive 
oil costing $1.50 per cup with vinegar that costs $.25 per cup. How many 
cups of each are used if the cost of the blend is $.50 per cup? 


A high-protein diet supplement that costs $6.75 per pound is mixed with 
a vitamin supplement that costs $3.25 per pound. How many pounds of 
each should be used to make 5 |b of a mixture that costs $4.65 per pound? 


Find the cost per ounce of a mixture of 200 oz of a cologne that costs 
$5.50 per ounce and 500 oz of a cologne that costs $2.00 per ounce. 


Find the cost per pound of a trail mix made from 40 Ib of raisins that cost 
$4.40 per pound and 100 lb of granola that costs $2.30 per pound. 
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11. 


12. 


133 


14. 


15. 


16. 


if 


18. 


Chapter 3 / Solving Equations 


A 20-ounce alloy of platinum that costs $220 per ounce is mixed with an 
alloy that costs $400 per ounce. How many ounces of the $400 alloy 
should be used to make an alloy that costs $300 per ounce? 


How many liters of a blue dye that costs $1.60 per liter must be mixed 
with 18 L of anil that costs $2.50 per liter to make a mixture that costs 
$1.90 per liter? 


The manager of a specialty food store combined almonds that cost $4.50 
per pound with walnuts that cost $2.50 per pound. How many pounds of 
each were used to make a 100-pound mixture that costs $3.24 per pound? 


A goldsmith combined an alloy that cost $4.30 per ounce with an alloy 
that cost $1.80 per ounce. How many ounces of each were used to make 
a mixture of 200 oz costing $2.50 per ounce? 


Adult tickets for a play cost $6.00 and children’s tickets cost $2.50. For one 
performance, 370 tickets were sold. Receipts for the performance were 
$1723. Find the number of adult tickets sold. 


Tickets for a piano concert sold for $4.50 for each adult. Student tickets 
sold for $2.00 each. The total receipts for 1720 tickets were $5980. Find 
the number of adult tickets sold. 


Find the cost per pound of sugar-coated breakfast cereal made from 
40 lb of sugar that costs $1.00 per pound and 120 lb of corn flakes that 
cost $.60 per pound. 


Find the cost per pound of a coffee mixture made from 8 lb of coffee that 
costs $9.20 per pound and 12 |b of coffee that costs $5.50 per pound. 


Objective B Application Problems 





19. 


20. 


Forty ounces of a 30% gold alloy are mixed with 60 oz of a 20% gold alloy. 
Find the percent concentration of the resulting gold alloy. 


One hundred ounces of juice that is 50% tomato juice is added to 200 oz 
of a vegetable juice that is 25% tomato juice. What is the percent concen- 
tration of tomato juice in the resulting mixture? 
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Section 3.6 / Mixture and Uniform Motion Problems 


How many gallons of a 15% acid solution must be mixed with 5 gal ofa 
20% acid solution to make a 16% acid solution? 


How many pounds of a chicken feed that is 50% corn must be mixed with 
400 lb of a feed that is 80% corn to make a chicken feed that is 75% corn? 


A rug is made by weaving 20 lb of yarn that is 50% wool with a yarn that 
is 25% wool. How many pounds of the yarn that is 25% wool are used if 
the finished rug is 35% wool? 


Five gallons of a light green latex paint that is 20% yellow paint is com- 
bined with a darker green latex paint that is 40% yellow paint. How many 
gallons of the darker green paint must be used to create a green paint that 
is 25% yellow paint? 


How many gallons of a plant food that is 9% nitrogen must 
be combined with another plant food that is 25% nitrogen to 
make 10 gal of a solution that is 15% nitrogen? 


A chemist wants to make 50 ml of a 16% acid solution by 
mixing a 13% acid solution and an 18% acid solution. How 
many milliliters of each solution should the chemist use? 


Five grams of sugar are added to a 45-gram serving of a breakfast cereal 
that is 10% sugar. What is the percent concentration of sugar in the result- 
ing mixture? 


A goldsmith mixes 8 oz of a 30% gold alloy with 12 oz of a 25% gold alloy. 
What is the percent concentration of the resulting alloy? 


How many pounds of coffee that is 40% java beans must be mixed with 
80 lb of coffee that is 30% java beans to make a coffee blend that is 32% 
java beans? 


The manager of a garden shop mixes grass seed that is 60% rye grass with 
70 lb of grass seed that is 80% rye grass to make a mixture that is 74% rye 
grass. How much of the 60% rye grass is used? 


A hair dye is made by blending a 7% hydrogen peroxide solution and a 
4% hydrogen peroxide solution. How many milliliters of each are used 
to make a 300-milliliter solution that is 5% hydrogen peroxide? 
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A tea that is 20% jasmine is blended with a tea that is 15% jasmine. How 
many pounds of each tea are used to make 5 lb of tea that is 18% jasmine? 


How many ounces of pure chocolate must be added to 150 0z of choco- 
late topping that is 50% chocolate to make a topping that is 75% 
chocolate? 


How many ounces of pure bran flakes must be added to 50 oz of cereal 
that is 40% bran flakes to produce a mixture that is 50% bran flakes? 


Thirty ounces of pure silver are added to 50 oz of a silver alloy that is 
20% silver. What is the percent concentration of the resulting alloy? 


A clothing manufacturer has some pure silk thread and some thread that 
is 85% silk. How many kilograms of each must be woven together to make 
75 kg of cloth that is 96% silk? 





Objective C Application Problems 


37. 


38. 


ag: 


40. 


41. 


Two small planes start from the same point and fly in opposite directions. 
The first plane is flying 25 mph slower than the second plane. In 2 h, the 
planes are 470 mi apart. Find the rate of each plane. 


Two cyclists start from the same point and ride in opposite directions. 
One cyclist rides twice as fast as the other. In 3 h, they are 81 mi apart. 
Find the rate of each cyclist. 


Two planes leave an airport at 8 A.M., one flying north at 480 km/h and 
the other flying south at 520 km/h. At what time will they be 3000 km 
apart? 


A long-distance runner started on a course running at an average speed 
of 6 mph. One-half hour later, a second runner began the same course 
at an average speed of 7 mph. How long after the second runner started 
will the second runner overtake the first runner? 


A motorboat leaves a harbor and travels at an average speed of 9 mph 
toward a small island. Two hours later a cabin cruiser leaves the same har- 
bor and travels at an average speed of 18 mph toward the same island. In 
how many hours after the cabin cruiser leaves the harbor will it be along- 
side the motorboat? 


fifi eee 470 Th et 
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A 555-mile, 5-hour plane trip was flown at two speeds. For the first part 
of the trip, the average speed was 105 mph. For the remainder of the 


trip, the average speed was 115 mph. For how long did the plane fly at 
each speed? 


An executive drove from home at an average speed of 30 mph to an air- 
port where a helicopter was waiting. The executive boarded the helicopter 
and flew to the corporate offices at an average speed of 60 mph. The entire 
distance was 150 mi. The entire trip took 3 h. Find the distance from the 
airport to the corporate offices. 


After a sailboat had been on the water for 3 h, a change in the wind direc- 
tion reduced the average speed of the boat by 5 mph. The entire distance 
sailed was 57 mi. The total time spent sailing was 6 h. How far did the 
sailboat travel in the first 3 h? 


A car and a bus set out at 3 P.M. from the same point headed in the same 
direction. The average speed of the car is twice the average speed of the 
bus. In 2 h the car is 68 mi ahead of the bus. Find the rate of the car. 


A passenger train leaves a train depot 2 h after a freight train leaves the 
same depot. The freight train is traveling 20 mph slower than the passen- 
ger train. Find the rate of each train if the passenger train overtakes the 
freight train in 3 h. 


As part of flight training, a student pilot was required to fly to an airport 
and then return. The average speed on the way to the airport was 
100 mph, and the average speed returning was 150 mph. Find the distance 
between the two airports if the total flying time was 5 h. 


A ship traveling east at 25 mph is 10 mi from a harbor when another ship 
leaves the harbor traveling east at 35 mph. How long does it take the sec- 
ond ship to catch up to the first ship? 


At 10 A.M. a plane leaves Boston, Massachusetts, for Seattle, Washing- 
ton, a distance of 3000 mi. One hour later a plane leaves Seattle for 
Boston. Both planes are traveling at a speed of 500 mph. How many hours 
after the plane leaves Seattle will the planes pass each other? 


At noon a train leaves Washington, D.C., headed for Charleston, South 
Carolina, a distance of 500 mi. The train travels at a speed of 60 mph. At 
1 P.M. asecond train leaves Charleston headed for Washington, D.C., trav- 
eling at 50 mph. How long after the train leaves Charleston will the two 
trains pass each other? 


t- 105 mph ++— 115 mph —>| 


. i ae 


Se 


[-_——————-. 555 mi ————>] 


100 mph 
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Two cyclists start at the same time from opposite ends of a course that 
is 51 mi long. One cyclist is riding at a rate of 16 mph, and the second 
cyclist is riding at a rate of 18 mph. How long after they begin will 
they meet? 


A bus traveled on a level road for 2 h at an average speed that was 
20 mph faster than its average speed on a winding road. The time spent 
on the winding road was 3 h. Find the average speed on the winding 
road if the total trip was 210 mi. 


A bus traveling at a rate of 60 mph overtakes a car traveling at a rate of 
45 mph. If the car had a 1-hour head start, how far from the starting point 
does the bus overtake the car? 


A car traveling at 48 mph overtakes a cyclist who, riding at 12 mph, had 
a 3-hour head start. How far from the starting point does the car overtake 
the cyclist? 


APPLYING THE CONCEPTS 


55: 


56. 


57. 


58. 


59. 


60. 


How many grams of pure water must be added to 50 g of pure acid to 
make a solution that is 40% acid? 


How many ounces of water must be evaporated from 50 oz of a 12% salt 
solution to produce a 15% salt solution? 


A radiator contains 15 gal of a 20% antifreeze solution. How many gallons 
must be drained from the radiator and replaced by pure antifreeze so that 
the radiator will contain 15 gal of a 40% antifreeze solution? 


At 10 A.M., two campers left their campsite by canoe and paddled down- 
stream at an average speed of 12 mph. They then turned around and pad- 
dled back upstream at an average rate of 4 mph. The total trip took 1 h. 
At what time did the campers turn around downstream? 


A bicyclist rides for 2 h at a speed of 10 mph and then returns at a speed 
of 20 mph. Find the cyclist’s average speed for the trip. 


A car travels a 1-mile track at an average speed of 30 mph. At what aver- 
age speed must the car travel the next mile so that the average speed for 
the 2 mi is 60 mph? 
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@ Focus on Problem Solving 


Trial-and-Error The questions below require an answer of always true, sometimes true, or never 

Approach to true. These problems are best solved by the trial-and-error method. The trial- 

Problem Solving and-error method of arriving at a solution to a problem involves repeated tests 
or experiments. 


For example, consider the statement 


Both sides of an equation can be divided by the same num- 
ber without changing the solution of the equation. 


The solution of the equation 6x = 18 is 3. If we divide both sides of the equation 
by 2, the result is 3x = 9 and the solution is still 3. So the answer “never true” has 
been eliminated. We still need to determine whether there is a case for which the 
statement is not true. Is there a number that we could divide both sides of the 
equation by and the result would be an equation for which the solution is not 3? 


(ye Its. 


If we divide both sides of the equation by 0, the result is — = oR the solution of 


0 


this equation is not 3 because the expressions on either side of the equals sign 
are undefined. Thus the statement is true for some numbers and not true for 0. 
The statement is sometimes true. 


Determine whether the statement is always true, sometimes true, or never true. 


ile 


Both sides of an equation can be multiplied by the same number without 
changing the solution of the equation. 


For an equation of the form ax = b, a ¥ 0, multiplying both sides of the 
equation by the reciprocal of a will result in an equation of the form 


=TCOUSTQTIL: 


The Multiplication Property of Equations is used to remove a term from one 
side of an equation. 


Adding —3 to each side of an equation yields the same result as subtracting 
3 from each side of the equation. 


An equation contains an equals sign. 


The same variable term can be added to both sides of an equation without 
changing the solution of the equation. 


An equation of the form ax + b =c cannot be solved if a is a negative 
number. 


The solution of the equation ; = Ois 0. 





For the diagram at the left, 2b = 2d = Ze = Zg. 


In solving an equation of the form ax + b = cx + d, subtracting cx from 
each side of the equation results in an equation with only one variable term 


in it. 
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11. If a rope 8 m long is cut into two pieces and one of the pieces has 
length x meters, then the length of the other piece can be represented as 
(x — 8) meters. 


12. An even integer is a multiple of 2. 


13. If the first of three consecutive odd integers is n, then the second and third 
consecutive odd integers are represented by m + 1 andn + 3. 


14. Suppose we are mixing two salt solutions. Then the variable Q in the per- 
cent mixture equation Q = Ar represents the amount of salt in a solution. 


15. If 100 oz of a silver alloy is 25% silver, then the alloy contains 25 oz of silver. 


16. If we combine an alloy that costs $8 an ounce with an alloy that costs $5 an 
ounce, the cost of the resulting mixture will be greater than $8 an ounce. 


17. If we combine a 9% acid solution with a solution that is 4% acid, the result- 
ing solution will be less than 4% acid. 


18. If the speed of one train is 20 mph slower than that of a second train, then 
the speeds of the two trains can be represented as r and 20 — r. 


o Projects and Group Activities 


Nielsen Ratings Nielsen Media Research surveys television viewers to determine the numbers of 


Point of Interest 
“ere Se sy 
Ther ‘op-ranked programs in 


prime time for the week of 
April 8 to April 15, 2001, ranked 
by Nielsen Media Research, 
were 


Survivor II 

CSI 

Who Wants to Be a 
Millionaire—Tuesday 

Everybody Loves Raymond 

CSI—Saturday 

Becker 

Law and Order 

Who Wants to Be a 
Millionaire — Sunday 

Who Wants to Be a 
Millionaire— Thursday 

Judging Amy 

60 Minutes 

NYPD Blue 


people watching particular shows. There are an estimated 102.2 million U.S. 
households with televisions. Each rating point represents 1% of that number, or 
1,022,000 households. Therefore, for instance, if 60 Minutes received a rating 
of 9.6, then 9.6%, or (0.096)(102,200,000) = 9,811,200 households, watched 
that program. 


A rating point does not mean that 1,022,000 people are watching a program. A 
rating point refers to the number of TV sets tuned to that program; there may be 
more than one person watching a television set in the household. 


Nielsen Media Research also describes a program’s share of the market. Share is 
the percent of television sets in use that are tuned to a program. Suppose the 
same week that 60 Minutes received 9.6 rating points, the show received a share 
of 19%. This would mean that 19% of all households with a television turned on 
were tuned to 60 Minutes, whereas 9.6% of all households with a television were 
tuned to the program. 


1. If Law and Order received a Nielsen rating of 10.8 and a share of 19, how 
many TV households watched the program that week? How many TV house- 
holds were watching television during that hour? Round to the nearest hun- 
dred thousand. 


2. Suppose Survivor II received a rating of 16.2 and a share of 28. How many 
TV households watched the program that week? How many TV households 
were watching television during that hour? Round to the nearest hundred- 
thousand. 


3. Suppose Who Wants to Be a Millionaire—Tuesday received a rating of 13.6 
during a week in which 34,750,000 people were watching the show. Find the 


average number of people per TV household who watched the program. 
Round to the nearest tenth. 
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The cost to advertise during a program is related to its Nielsen rating. The spon- 
sor (the company paying for the advertisement) pays a certain number of dollars 
for each rating point a show receives. 


4. Suppose a television network charges $35,000 per rating point for a 30- 
second commercial on a daytime talk show. Determine the cost for three 
30-second commercials if the Nielsen rating of the show is 11.5. 


Nielsen Media Research also tracks the exposure of advertisements. For example, 
it might be reported that commercials for McDonald’s had 500,000,000 house- 
hold exposures during a week when its advertisement was aired 90 times. 


5. Information regarding household exposure of advertisements can be found in 
USA Today each Monday. For a recent week, find the information for the top 
four advertised brands. For each brand, calculate the average household 
exposure for each time the ad was aired. 


Nielsen Media Research has a web site on the Internet. You can locate the site by 
using a search engine. The site does not list rating points and market share, but 
these statistics can be found on other web sites by using a search engine. 


6. Find the top two prime-time television shows for last week. Calculate the 
number of TV households that watched each program. Compare these figures 
with the top two sports programs for last week. 


Chapter Summary | 


Key Words An equation expresses the equality of two mathematical expressions. [p.87] 


A solution of an equation is a number that, when substituted for the variable, 
results in a true equation. [p.87] 





i To solve an equation means to find a solution of the equation. The goal is to 
: rewrite the equation in the form variable = constant. [p.88] 


Cost is the price that a business pays for a product. Selling price is the price for 
which a business sells a product to a customer. Markup is the difference between 
selling price and cost. When the markup is expressed as a percent of the retailer's 
cost, it is called the markup rate. [p.102] 


Discount, or markdown, is the amount by which a retailer reduces the regular 
price of a product. The percent discount is called the discount rate. [p.103] 


To translate a sentence into an equation requires recognition of the words or . 
phrases that mean “equals.” Some of these phrases are equals, is, is equal to, - 
amounts to, and represents. {p.119] : 


The perimeter of a geometric figure is a measure of the distance around the - 
figure. [p.127] 


An isosceles triangle has two sides of equal measure. The three sides of an equi- - 
lateral triangle are of equal measure. [p.127] 


ebreee aati on eed eo 
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An angle is measured in degrees. A 90° angle is a right angle. A 180° angle is a 
straight angle. One complete revolution is 360°. An acute angle is an angle whose 
measure is between 0° and 90°. An obtuse angle is an angle whose measure is 
between 90° and 180°. [p.129] 


Complementary angles are two angles whose measures have the sum 90°. [p.129] 
Supplementary angles are two angles whose measures have the sum 180°. [p. 129] 
Parallel lines never meet; the distance between them is always the same. [p.130]_ 
Perpendicular lines are intersecting lines that form right angles. [p.130] 


Two angles that are on opposite sides of the intersection of two lines are ver- 
tical angles; vertical angles have the same measure. Two angles that share a 
common side are adjacent angles; adjacent angles of intersecting lines are sup- 
plementary angles. [p.130] 


A line that intersects two other lines at two different points is a transversal. If the 
lines cut by a transversal are parallel lines, equal angles are formed: alternate 
interior angles, alternate exterior angles, and corresponding angles. [p.131] 


Uniform motion means that an object, traveling at a constant speed, moves in a 
straight line. [p.145] 


Addition Property of Equations [p.88] 


The same number can be added to each side of an Ifa = b, then 
equation without changing the solution of the atc=b+te. 
equation. 


Multiplication Property of Equations [p.89] 

Each side of an equation can be multiplied by the Ifa =bandc #0, 
same nonzero number without changing the then ac = be. 
solution of the equation. 


Basic Percent Equation [p.91] 


Percent - Base = Amount P-B=A 

Consecutive Integers [p.119] 1, eA Fade... 
Consecutive Even Integers [p.119] 1 Verh ee 1 ae 
Consecutive Odd Integers [p.119] 2 acti oe 
Formulas for Perimeter [p.127] Triangle P=at+b+t+c 


Rectangle P= 2L+2W 
Square P=4s 


Sum of the Angles of a Triangle [p.133] 


The sum of the measures of the interior angles of Za+Zb+ Zco= 180° 
a triangle is 180°. 

The sum of an interior and corresponding exte- 

rior angle is 180°. 


Value Mixture Equation [p.141] 
Amount - Unit Cost = Value AC=V 


Percent Mixture Equation [p.143] 
Amount - Percent Concentration = Quantity Ar=Q 


Uniform Motion Equation [p.145] 
Rate - Time = Distance rt=d 





Pirin cores Ce See eee ee a eee eee See A OR e806 88 68 620 8) 8818) OLS 86.6: ONO 0 8b 8 8B) eee ew ON0, 86 0. 08) @ oe alee we a 8 





Copyright © Houghton Mifflin Company. All rights reserved. 


Chapter Review 157 


a Chapter Review 


Solve: x + 3 = 24 2. Solve: « + 5(3x — 20) = 10(x — 4) 
Solve: 5x — 6 = 29 4. Is 3a solution of 5x — 2 = 4x + 5? 
Solve: 2a = {2 6. Solve: 6x + 3(2x — 1) = —27 

30 is what percent of 12? 8. Solve: 5x + 3 = 10% — 17 

Solve: 7 — [4 + 2@ — 3)] = 11(« + 2) 10. Solve: —6x + 16 = —2x 


A furniture store uses a markup rate of 60%. The store sells a solid oak 
curio cabinet for $1074. Find the cost of the curio cabinet. Use the for- 
mula S = C + rC, where S is the selling price, C is the cost, and r is the 
markup rate. 


Find the measure of Zx. 





A lever is 12 ft long. At a distance of 2 ft from the fulcrum, a force of 120 lb 
is applied. How large a force must be applied to the other end so that the 
system will balance? Use the lever system equation F,x = F,(d — x). 


A bus traveled on a level road for 2 h at an average speed of 20 mph faster 
than it traveled on a winding road. The time spent on the winding road was 
3 h. Find the average speed on the winding road if the total trip was 200 mi. 
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A ceiling fan, which regularly sells for $60, is on sale for $40. Find the dis- 
count rate. Use the formula S = R — rR, where S is the sale price, R is the 
regular price, and r is the discount rate. 


Given that Za = 74° and Zb = 52°, find the 
measures of angles x and y. 





A health food store combined cranberry juice that cost $1.79 per quart with 
apple juice that cost $1.19 per quart. How many quarts of each were used 
to make 10 qt of cranapple juice costing $1.61 per quart? 


Four times the second of three consecutive integers equals the sum of the 
first and third integers. Find the integers. 


One angle of a triangle is 15° more than the measure of the second angle. 
The third angle is 15° less than the measure of the second angle. Find the 
measure of each angle. 


Translate “four less than the product of five and a number is sixteen” into 
an equation and solve. 


The Empire State Building is 1472 ft tall. This is 654 ft less than twice the 
height of the Eiffel Tower. Find the height of the Eiffel Tower. 


The length of a rectangle is four times the width of the rectangle. The 
perimeter is 200 ft. Find the length and width of the rectangle. 


A jet plane traveling at 600 mph overtakes a propeller-driven plane that had 
a 2-hour head start. The propeller-driven plane is traveling at 200 mph. 
How far from the starting point does the jet overtake the propeller-driven 
plane? 


The sum of two numbers is twenty-one. Three times the smaller number is 
two less than twice the larger number. Find the two numbers. 


A dairy owner mixed 5 gal of cream containing 30% butterfat with 8 gal of 
milk containing 4% butterfat. What is the percent of butterfat in the result- 
ing mixture? 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


1 


rz. 


13. 
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o Chapter Test 


Solve: 3x — 2 = 5x + 8 

Solve: 3x —5 = —14 

Is —2 a solution of x? — 3x = 2x — 6? 
What is 0.5% of 8? 


Solve: 5x + 3 — 7x = 2x —5 


10. 


Solve 


Solve 


Solve 


Solve 


Solve: 
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2 = 3 = 


A — 22) 82 (5 == 0) 


aA — tS 


Soe 246 = 3) = 610 9 


A baker wants to make a 15-pound blend of flour that costs $.60 per pound. 
The blend is made using a rye flour that costs $.70 per pound and a wheat 
flour that costs $.40 per pound. How many pounds of each flour should 


be used? 


Find x. 





A television that regularly sells for $450 is on sale for $360. Find the dis- 
count rate. Use the formula S = R — rR, where S is the sale price, R is the 


regular price, and r is the discount rate. 


A financial manager has determined that the cost per unit for a calculator 
is $15 and that the fixed cost per month is $2000. Find the number of cal- 
culators produced during a month in which the total cost was $5000. Use 
the equation T = U- N + F, where T is the total cost, U is the cost per unit, 
N is the number of units produced, and F is the fixed cost. 
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In an isosceles triangle, two angles are equal. The third angle of the triangle 
is 30° less than one of the equal angles. Find the measure of one of the equal 
angles. 


Find three consecutive even integers whose sum is 36. 


How many gallons of water must be mixed with 5 gal of a 20% salt solution 
to make a 16% salt solution? 


Given that ¢, || €, find the measures of 
angles a and b. 


1385 a 


Translate “The difference between three times a number and fifteen is 
twenty-seven” into an equation and solve. 


A cross-country skier leaves a camp to explore a wilderness area. Two 
hours later a friend leaves the camp in a snowmobile, traveling 4 mph 
faster than the skier. This friend meets the skier 1 h later. Find the rate of 
the snowmobile. 


A company makes 140 televisions per day. Three times the number of black- 
and-white TVs made equals 20 less than the number of color TVs made. 
Find the number of color TVs made each day. 


The sum of two numbers is eighteen. The difference between four times the 
smaller number and seven is equal to the sum of two times the larger num- 
ber and five. Find the two numbers. 


As part of flight training, a student pilot was required to fly to an airport 
and then return. The average speed to the airport was 90 mph, and the aver- 
age speed returning was 120 mph. Find the distance between the two air- 
ports if the total flying time was 7 h. 


The perimeter of a triangle is 23 ft. One side is twice the second side. The 
third side is 3 ft more than the second side. Find the measure of each side. 


A chemist mixes 100 g of water at 80°C with 50 g of water at 20°C. To find 
the final temperature of the water after mixing, use the equation 
mT, — T) =m,(T — T>), where m, is the quantity of water at the hotter 
temperature, 7, is the temperature of the hotter water, m, is the quantity of 
water at the cooler temperature, T, is the temperature of the cooler water, 
and T is the final temperature of the water after mixing. 
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Cumulative Review 


Subtract: —6 — (—20) — 8 


Subtract: = — = 
6 16 


3 
Simplify: —4? - (-3) 


Evaluate 3(a — c) — 2ab when a = 2, b = 3 
and c = —4. 


, 


Simp: 2a —(—3)) — 7a—.5b 


Simplify: —4(—9y) 


Smuplity: —2(% — 3):-+:2(4 — x) 


Is —3 a solution of x* + 6x +9 =x + 3? 


Find 32% of 60. 


Solve: 7x — 8 = —29 


10. 


12. 


14. 


16. 


18. 


20. 
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Multiply: (—2)(—6)(—4) 





ivide: —23+ 17 
NE os (Ore) 
Simplify: 25 — 3 apa al (72) 


Simplify: 34 — 8x 4. (424) 


Simplify: (16x) (5) 

Simplify: —2(—x? — 3x + 2) 
Simplify] 3 2v = 4G — 3) ie 

Is : a solution of 3 — 8x = 12x — 2? 
Solve: =x =-15 


Solve: 13 — 9x = —14 
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21. Solve: 8x =134ei— 5) =] 32% 11 22. Solve: 6 — 2(5x — 8) =3x —4 


23. Solve: 5x — 8 = 12x + 13 24. Solve: 11 — 4x =2x +8 


25. Achemist mixes 300 g of water at 75°C with 100 g of water at 15°C. To find 
the final temperature of the water after mixing, use the equation 
m,(T, — T) = m,(T — T,), where m, is the quantity of water at the hotter 
temperature, T, is the temperature of the hotter water, 77, is the quantity of 
water at the cooler temperature, 7, is the temperature of the cooler water, 
and T is the final temperature of the water after mixing. 


26. Translate “The difference between twelve and the product of five and a 
number is negative eighteen” into an equation and solve. 


27. The area of a cement foundation of a house is 2000 ft’. This is 200 ft? more 
than three times the area of the garage. Find the area of the garage. 


28. How many pounds of an oat flour that costs $.80 per pound must be mixed 
with 40 lb of a wheat flour that costs $.50 per pound to make a blend that 
costs $.60 per pound? 


29. How many grams of pure gold must be added to 100 g of a 20% gold alloy 
to make an alloy that is 36% gold? 


30. The perimeter of a rectangular office is 44 ft. The length of the office is 2 ft 
more than the width. Find the dimensions of the office. 


31. Find the measure of Zx. 





32. In an equilateral triangle, all three angles are equal. Find the measure of 
one of the angles of an equilateral triangle. 


33. A sprinter ran to the end of a track at an average rate of 8 m/s and then 
jogged back to the starting point at an average rate of 3 m/s. The sprinter 
took 55 s to run to the end of the track and jog back. Find the length of the 
track. 
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A To add polynomials 
B_ To subtract polynomials 


Section 4.2 


A To multiply monomials 
B To simplify powers of monomials 


Section 4.3 


A_ To multiply a polynomial by a monomial 
B To multiply two polynomials 
C To multiply two binomials 


D To multiply binomials that have special 
products 


E To solve application problems 





Section 4.4 


A To divide monomials 


é : Speen k Telescopes allow scientists to look at objects that are 
B_ To write a number in scientific notation 


extremely large but far away. Astronomers, like the one 
shown here, use scientific notation to describe distances in 
space. Scientific notation replaces very large and very small 
numbers with more concise expressions, making these 
numbers easier to read and write. Exercises 115 to 122 on 
pages 189 and 190 provide examples of situations in which 
scientific notation is used. 


Section 4.5 


A To divide a polynomial by a monomial 
B_ To divide polynomials 
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Prep Test 


2. Multiply: —3(6) 


4. Evaluate 3n* when n = —2. 
ction is simplest form, what num- 6. Are 2x? and 2x like terms? 
2_ ax +1 +2x?-5x-7 8. Simplify: —4y + 4y 


10. Simplify: 3xy — 4y — 2(5xy — Ty) 


i 
Iie yk and r all equal the same number, find the values of x and y. 
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t.1 


|TAKE NOTE | 


The expression 3Vx is 
_ not a monomial because 
: Vx cannot be written as 
_ a product of variables. 


i: eee oe 
_ The expression — is not 


| a monomial because it is 
_ a quotient of variables. 


elie Telale ke 10)[G 10) 6161 Si6, 6| 6(619,,0',2) 0/4 16). 


Example 1 


Use a horizontal format to simplify 
(8x2 — 4x — 9) + (2x7 + 9x — 9). 


Solution 
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Addition and Subtraction 
of Polynomials 





To add polynomials 


A monomial is a number, a variable, or a product of numbers and variables. 
For instance, 


7 
7 b 34 127 
A number A variable A product of a A product of a 
number and a variable number and variables 


A polynomial is a variable expression in which the terms are monomials. 


A polynomial of one term is a monomial. —7x? is a monomial. 

A polynomial of two terms is a binomial. 4x + 2 is a binomial. 

A polynomial of three terms is a trinomial. 7x? + 5x — 7 is a trinomial. 
The terms of a polynomial in one variable 5x? 4x? + 6x 1 


are usually arranged so that the exponents 
of the variable decrease from left to right. 
This is called descending order. 2y* by? sy tet ayi el 


7z'+42+4+2z-6 


The degree of a polynomial in one variable is the value of the largest exponent 
on a variable. The degree of 4x* — 5x? + 7x — 8 is 3; the degree of 2y* + y’ — 1 is 
4. The degree of a nonzero constant is zero. For instance, the degree of 7 is zero. 
The number zero has no degree. 


Polynomials can be added, using either a horizontal or a vertical format, by com- 
bining like terms. 


=» Simplify (3x° — 7x + 2) + (7x? + 2x — 7). Use a horizontal format. 


(3x? — 7x + 2) + (7x? + 2x — 7) e Use the Commutative and 


yy ae NO 7) Associative Properties of Addition to 
rearrange and group like terms. 


= 3x7 + 7x? —5x -—5 © Then combine like terms. 


=> Simplify (—4x? + 6x — 9) + (12 — 8x + 2x’). Use a vertical format. 





—4x 6x09 © Arrange the terms of each polynomial in descending order 
ae ey tea) with like terms in the same column. 
KG _— 
DA ye 2 eS e Combine the terms in each column. 
be Try It 1 


Use a horizontal format to simplify 
(—4x? + 2x? — 8) + 4x? + 6x — Tx + 5), 


Your solution 


(8x2 — 4x — 9) + (2x? + 9x — 9) 


== (Sao 2x7) (= 


= 10x* + 5x — 18 


Ae 19x) (= 9 = 9) 


Solution on p. S9 
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\ 
pe: 2 Hou Try It 2 
Use a vertical format to simplify Use a vertical format to simplify 
(—5x? + 4x? — 7x + 9) + (2x? + 5x — 11). (6x? + 2x + 8) + (—9x? + 2x? — 12x — 8). 
Solution —5x? + 4x*-7x+ 9 Your solution 
Dake a oe Uh 


—3x7 + 4x7 — 2x - 2 


Solution on p. S9 





C= To subtract polynomials BAM 


The opposite of the polynomial (3x* — 7x + 8) is —(3x° — 7x + 8). 
To simplify the opposite of a polyno- (bx Tx 8) = — 3" 8 


mial, change the sign of each term 
inside the parentheses. 









Polynomials can be subtracted using either a horizontal or a vertical format. To 


TARE NOTE subtract, add the opposite of the second polynomial to the first. 


_ This is the same 
_ definition used for ee : . 
| cabilaelionlylantegers: =» Simplify (4y* — 6y + 7) — (2y? — 5y — 4). Use a horizontal format. 


_ Subtraction is addition | a 3 
: of the opposite. ' By Na q) ey y 2 








TREE SO Pata ee SE SO Oe eager) ° Add the opposite of the second 
Phd ies 1d ee a Ee Par em AAO oniiabto theirs 
= yay ye © Combine like terms. 


=> Simplify (9 + 4y + 3y%) — (2y* + 4y — 21). Use a vertical format. 
The opposite of 2y? + 4y — 21 is —2y? — 4y + 21. 





3y3 1 Age 49 © Arrange the terms of each polynomial in descend- 
Sy eave | ing order with like terms in the same column. 
ayy + 30 ° Note that 4y — 4y = 0, but 0 is not written. 
[ Example 3 hes Try It 3 
Use a horizontal format to simplify Use a horizontal format to simplify 
(7c? — 9c — 12) — (9c? + 5c — 8). (—4w? + 8w — 8) — (3w? — 4v? — 2w — 1). 
Solution Your solution 


(7c? — 9c — 12) — (9c? + 5c — 8) 
= (7c? — 9c — 12) + (—9c? — 5c + 8) 














——2¢2— 14¢— 4 
aa : fee RU ee Ti eae 
Use a vertical format to simplify Use a vertical format to simplify 
(3k? — 4k + 1) — (kK? + 3k? — 6k — 8). (13y? — 6y — 7) — (4y? — 6y — 9). 
Solution Your solution 
3k? — 4k + 1 © Add the opposite of 
=k = 3k 4 6k + 8 (k? + 3k? — 6k — 8) 
—j3 So) pases, to the first polynomial. 


Solutions on p. S9 
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4.1 Exercises 






Objective A 


State whether the expression is a monomial. 


Ld 


1 baa es 2 3x! iy seas 4. xyz 
‘ Vi z 
2 xy 
5. 37 Coe TaN Sk 8. 7x 
Zz 


State whether the expression is a monomial, a binomial, a trinomial, or none of these. 


9. 3x+5 10. 2y — 3Vy 11. 9x? -x-1 12, x+y" 
ab 2 CP 
13. —-3 IA tee 15. 6x? + 7x 16. 12a*- 3a+2 


Simplify. Use a vertical format. 


17. (x? + 7x) + (—3x? -— 4x) 18. (3y? — 2y) + (Sy? + 6y) 

19. (y? + 4y) + (-4y — 8) 20. (3x2 + 9x) + (6x — 24) 

21. (2x? + 6x + 12) + (3x? + x + 8) 22. (x? +x +5) + (3x? — 10x + 4) 
23. (—7x +x + 4) + (2x? + x — 10) 24, (yy? © 3y? hale ea y= 3) 
25. (2a? — 7a + 1) + (1 — 4a — 3a’) 26. (5r3 — 6r? + 3r) + (-3 — 2r +17’) 


Simplify. Use a horizontal format. 


27. (4x2 + 2x) + (x? + 6x) 28. (—3y* + y) +. 4y? + 6y) 
| : 29. (4x? — 5xy) + (3x? + 6xy — 4y”’) 30. (2x? — 4y’) + (6x? — 2xy + 4y’) 
| em 
: < | 34 (2a? — 7a + 10) + (a? + 4a + 7) 32) (=622 yes) jot 8) 
| Ei : 
S) 
8 33. (7x + 5x? — 7) + (10x*, =/8x + 3) 34. (dy + 3y? + 9) + Qy +49 — 20) 
: 
: a5. (7 57 £2) Gr = on) Dorms Uae rel dye 2!) 
(2) 
S 
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Objective B 





Simplify. Use a vertical format. 


37. (x? — 6x) — (x? — 10x) 


BOY 6.4) We any a) 


41. (x? — 2x + 1) — (x? + 5x + 8) 


43. (4x° + 5x + 2) — (1 + 2x — 3x’) 


45. (—2y + 6y? + 2y9) -(4+y’?4+y°) 


Simplify. Use a horizontal format. 


AT. (y? — 10xy) —-(2y? + 3xy) 


49. (3x7 +x — 3) — (4x + x? — 2) 


51. (-2x3 +x — 1) — (-x? +x — 3) 


53. (1 — 2a + 4a°) — @ —- 2a + 3) 


55. (1 sy, 4y°)— G = 3y —.2y) 


APPLYING THE CONCEPTS 


38. 


40. 


42. 


44. 


46. 


48. 


50. 


52. 


54. 


56. 


(y? + 4y) — (y? + 10y) 


(—3a? — 2a) — (4a? — 4) 


(3x? + 2x — 2) — (5x? — 5x + 6) 


y? —y + 2) = (3 +37 = 2) 


48 =2i) Se2 43 xe 


(x? — 3xy) — (—2x? + xy) 


(Sy? i2y tal) > (Gy 30) 


(2x? + 5x — 3) — (3x? + 2x — 5) 


(7 = Sbet bi )n~ (4b5 = Tbe 8) 


(—3 — 2x + 3x?) — (4 — 2x? + 2x3) 


57. What polynomial must be added to 3x* — 6x + 9 so that the sum is 


4x* + 3x — 2? 


58. What polynomial must be subtracted from 2x* — x — 2 so that the differ- 


ence is 5x? + 3x + 1? 


59. In your own words, explain the terms monomial, binomial, trinomial, and 


© polynomial. Give an example of each. 


60. Is it possible to subtract two polynomials, each of degree 3, and have the 





explain why not. 


difference be a polynomial of degree 2? If so, give an example. If not, 


61. Is it possible to add two polynomials, each of degree 3, and have the 
©. sum be a polynomial of degree 2? If so, give an example. If not, explain 


™ why not. 
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Objective A | 


speared RES SE LL ROE ATO NGSOONCATITA Me 


3 
TAKE NOTE | 

‘ 
The Rule for Multiplying | 
Exponential Expressions i 
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Multiplication of Monomials 


To multiply monomials 





Recall that in an exponential expression such as x°, x is the base and 6 is the 


exponent. The exponent indicates the number of times the base occurs as a 
factor. 








The product of exponential ex- 3 factors 2 factors 
pressions with the same base can 3x2 = (x-x-x)+(x- x) 
be simplified by writing each 

expression in factored form and Sree 
writing the result with an eas 

exponent. 

Note that adding the exponents %*%°x%° =x°* =x 


results in the same product. 


Rule for Multiplying Exponential Expressions 


lf m and rn are positive integers, then x” - x” = x”*", 





=> Simplify: y* -y-¥° 
SP ea ae e The bases are the same. Add the 
=) exponents. Recall that y = y’. 


~> Simplify: (—3a*b?) (2ab*) 
(—3a‘*b*) (2ab*) = (—3 - 2)(a* - a) (b? - b*) 


I 


© Use the Commutative and 
Associative Properties of 
Multiplication to rearrange and 
group factors. 


realy sae nae os } == Olde) (Ds) © Multiply variables with the 
expression ab! cannot same base by adding their 
be simplified. | exponents. 
ree I = —6a°b’ © Simplify. 

Example 1 Simplify: (—5ab*) (4a°) Rae Try It 1 Simplify: (877237) (—3n°) 

Solution Your solution 

(—5ab?)(4a°) = (-5 - 4)(a- a@)b° 

= —20a°b? 
Example 2 Simplify: (6x*y’) (4x“y’) Fes Try it2 Simplify: (12p%q°)(—3p°q’) 


Solution 


Your solution 


(6x3y?) (4x4y5) = (6 - 4)(x? - x*)(y? - y”) 


= 24e'y" 


Solutions on p. S9 
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ae ewer by Diophantus 

(c. 250 A.D.) in his book 
Arithmetica. He used AY for 
x? and x’ for x. The symbol A’ 
was the first two letters of the 
Greek word dunamis, which 
means “power”; x’ was from 
the Greek word kubos, which 
means “cube.” He also 
combined these symbols to 
denote higher powers. For 
instance, Ax” was the symbol 
fOlexes 


eeeeee eee sce see ee ee oe eo ew 





ro. :) 


The power of a monomial can be simplified by writing the power in factored 
form and then using the Rule for Multiplying Exponential Expressions. 


(ey a aby = @o yas) e Write in factored form. 


vee = gt Ape ° Use the Rule for Multiplying 


aye = ahs Exponential Expressions. 

Note that multiplying each exponent inside the parentheses by the exponent out- 

side the parentheses results in the same product. 

ap Ay A 28 (G°b?) =a" *b- 2 =a_b° © Multiply each exponent inside 
the parentheses by the exponent 
outside the parentheses. 


(x 


Rule for Simplifying the Power of an Exponential Expression 


lf m and rare positive integers, then (x”)? = x”. 


Rule for Simplifying Powers of Products 


If m,n, and p are positive integers, then (x”y”)? = xy". 





=> Simplify: (5x7)? 


(Sy ee e Multiply each expcnent inside the parentheses by the 
=/5xy? exponent outside the parentheses. Note that 5 = 5’. 
_ = a vy? e Evaluate 5°. 


(97 OL 07:0) (0: Wi (eive! (ee) 0; aia) im 0) 6 0. '6 0) 6 016 0! 0 (0 0-0 6 © othe w\'6 0 e'e © 6 0 6.0 0 6 006 0 0 80 eee eo 0 6 68 eo 6 © © © © ale ele ere iels 6 shia stele o 


ears 3 Simplify: (—2p*r)* 





“You Try It 3 Simplify: (—3a*bc’) 


Solution ence = s Deis tt Your solution 





i 


2) 12 vt = 16pr A 


‘Example 4 Simplify: (2a2b) (2a°b?)? ie Try it4 Simplify: (— Be Nee 2x¥y2)? sindrascuerr 


Solution (2a*b) (2a*b’)° Your solution 
= (2a?b) (2! 3a? 3p'3) 


I 


(2a’b) (23a°b°) 


= (2a*b)(8a°b°) = 16a"'b? 


Solutions on p. S9 
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4.2 Exercises 


Objective A 


1. Explain how to multiply 
© Provide an example. 

4 
Simplify. 

3.) (6x7) (Sx) 4, 

7. (—3a>*)(—3a’‘) 8. 
11. (—2x*)(5x5y) 12. 
15. +2xy)(=3x’y") 16. 
19. (—a*b*)(—ab’c*) 20. 
23. (—6a*)(—a’b) 24. 
27. (x*y)(yz) (xyz) 

30. (—2x*y’)(—3x’2’) (—5y°z’) 


Sy 


Objective B 


(—2x?y?) (3xy) (—5x*y’) 


Simplify. 
36. (z*) 37x: xt) 
AL a (ax) 42. (-x 


two monomials. 


(—4y*) (2y) 


(Sa \i2a)) 


(—3a*) (2a’b*) 


(—=3a-D)( 2a) 


(xy) (=x 9) 


(—2a’b*)(—4ab’) 


28. (xyz) (xy) (z’y”) 
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2. Explain how to simplify the power of a mono- 
wy mial. Provide an example. 


>: 


oF 


13. 


Zi. 


Dabo 


(7e*)(—6c*) 


(x?) (xy*) 


(—4x’y*) (—3x°y*) 


(x?yz) (x?y*) 


(—5a*b’*) (6a°b*) 


(—5y*z) (—8y°z") 


Bm. Gx 2 yz G2 Z) 


34. (4a’b) (—3a*b*) (a@°b’) 


, 38. 


23 43. 


(y*)? 


eye 


39. (x’) 


44. (—3y) 


6. (—8z°)(5z°%) 


10. (x*y*)(xy’) 


14. (—6a*b*)(—4ab?) 


18. (—ab’c)(a’b°) 


22: (ny 2x) 


26. (3x’y)(—4xy’) 


(3ab’) (—2abc) (4ac’) 


(—a*b*) (—3a‘c’) (4b°c*) 


(3a7b) (—6bce) (2ac’) 


40. (-y) 


45. (—2x’)? 
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\ 
46. (a°b*) AT, (cy) 48. (2x>y*) 49, (3x°y)? 50. (—2ab*)* 
51. (—3x3y?) 52. (3b?) (2a?) 53. (=2x)(2x°)?? 54. (2y)(-3y*)? 
55." Gx Ce) 56. (a*b)(ab)> 57. (ab’)*(ab)* 58. (—x’y?)?(—2xy)? 
59. (—2x)3(—2x3y)? 60. (—3y)(—4x’y%)? 61. (—2x)(—3xy’)? 62) Vesna 
63. (ab’)(—2a’b)? 64. (a*b*)(—3ab*)’ 65. (—2a?)(3a’b)> 66. (—3b’)(2ab’)’ 
APPLYING THE CONCEPTS 
Simplify. 
67. 3x? + (3x) 68. 4x? — (4x)? 69. 2x? + (3x’y)? 10. (ye)? Ae 
71. (OGb = 8arb® 12, 2 4y72" = Qy2)? 73) “(G?y'y + Cxy2)’ 74. (3a*)? — 4a°® + (2a’)> 
For Exercises 75 to 78, answer true or false. If the answer is false, correct the 
right-hand side of the equation. 
75. (-a) = -a@ 76. (—b)> =D Tine) ea ae 18..80 Be = 2 =D 


79. Evaluate (2)? and 2°”. Are the results the same? If not, which expression 
has the larger value? 





“°\80. If 1 is a positive integer and x" = y", does x = y? Explain your answer. 


i 


81. The distance a rock will fall in t seconds is 16¢* (neglecting air resistance). 
«> Find other examples of quantities that can be expressed in terms of an 
exponential expression, and explain where the expression is used. 
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Multiplication of Polynomials 


Objective A To multiply a polynomial by a monomial Bes 


To multiply a polynomial by a monomial, use the Distributive Property and the 
Rule for Multiplying Exponential Expressions. 


=» Simplify: —3a(4a? — 5a + 6) 





—3a(4a* — 5a + 6) 


—3a(4a*) — (—3a)(5a) + (=8a)\(6) ¢ Use the Distribu- 
~12a° + 15a* — 18a tive Property. 


COTE OB NOL OL 6810 (000) 00150 <0 1016 0). © 0) we eke Oh 0)0):6 18 '6)-6)\6).0..e se) 6)[9 01-0 he):e hes) e onesie (6616! 6 





You Try It 1 
Simplify: (5x + 4)(—2x) Simplify: (—2y + 3)(—4y) 
Solution Your solution 


(5x +-4)(—2x) = —10x? — 8x 


Example 2 ke Try It 2 
Simplify: 2a*b(4a* — 2ab + b?) Simplify: —a?(3a? + 2a — 7) 
Solution Your solution 


2a*b(4a* — 2ab + b’) 
= 8a*b — 4a*b* + 2a’b? 


Solutions on p. S9 





Objective B | To multiply two polynomials 





Multiplication of two polynomials requires the repeated application of the 
Distributive Property. 


CO 2G ay iia Gy Dae ey 2) Gy) ey ey) 
=f yoy oye ye 
Be ye ey ie 


A convenient method of multiplying two polynomials is to use a vertical format 
similar to that used for multiplication of whole numbers. 











yo sy fii 
See 
Dy Oy — 2= —2(y7 + 3y + 1) e Multiply by —2. 
Ve oy te = Viviana sven) e Multiply by y. 
yt y—-5y-2 ¢ Add the terms in each column. 
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=> Simplify: (2a? + a — 3)(a + 5) 


Da. + a- 3 
a+ 5 
10a? + 5a—-— 15 
2a +a’* — 3a 


2a* + 10a* +a? + 2a — 15 








To multiply two binomials 


It is frequently necessary to find the product of two binomials. The product can _ 
be found using a method called FOIL, which is based on the Distributive 


¢ Note that spaces are provided in each 
product so that like terms are in the 


same column. 


e Add the terms in each column. 





Property. The letters of FOIL stand for First, Outer, Inner, and Last. 


=> Simplify: (2x + 3)(x + 5) 
Multiply the First terms. 
Multiply the Outer terms. 
Multiply the Inner terms. 
Multiply the Last terms. 


Add the products. 





Combine like terms. 


=> Simplify: (4% — 3)(3x — 2) 


(Zaark3)\ eS) 
(2x + 3)(x + 5) 
(2x + 3)(« + 5) 
Qe ¥'3) (5) 


(2.8 (a) 


2x x = 2x? 
2x -5 = 10x 
34% =3% 
3-5=15 


F O I L 
= 2x* + 10x + 3x + 15 


= 2x7 + 13x + 15 


(4x — 3)(3x — 2) = 4x(3x) + 4x(—2) + (—3)(3x) + (—3)(—2) 
= 12x? — 8x — 9x + 6 
= 12x? — 17x +6 


»> Simplify: (3x — 2y)(x + 4y) 


(3x — 2y)(x + 4y) = 3x(x) + 3x(4y) + (—2y)(x) + (—2y)(4y) 
= 3x? + 12xy — Ixy — By? 
= 3x? + 10xy — 8y? 
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; Sa eae 


Simplify: (2a — 1)(3a — 2) 


Solution 
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oe ie eam pag 
Simplify: (4y — 5)(2y — 3) 


Your solution 


(2a — 1)(3a — 2) = 6a? — 4a - 3a + 2 
= 6a° — Ja + 2 


ee es 
Simplify: (3x — 2)(4x + 3) 


Solution 


(62-— 2) (4x + 3) = 12x? + 
= 12x? + 


Objective D To 


SF 2S) 2p 02 8)-0) (9), 0))4) 90-6 ee) gee al 6 (0) 6 4) (611e1.9 16) OMB) (0 #1 "al .e e101 ei19/1600, 0 6 oppli6. 0 (ose) o} 6) w\leyel/a'® eca\'s}-o, ile e840 fel feinelini’ellate: s) pele le) 6tsi 6 


“You Try It 5 
Simplify: (3b + 2)(3b — 5) 


Your solution 
9x — 8k — 6 
= 6 


Solutions on p. S9 


multiply binomials that have special products 





Using FOIL, it is possible to find a pattern for the product of the sum and dif- 
ference of two terms and for the square of a binomial. 


ap 


yp 


The Sum and Difference of Two Terms 
(a+ b)(a— b) = a? — ab+ ab— Bb’ 


= qa? — p? 


Square of the first term pe 
Square of the second term 


The Square of a Binomial 
(a+ b)? = (a+ b)(a+ b) = a? + ab+ abs Bb? 


= qa? + 2ab+ b? 


Square of the first oo | 


Twice the product of the two terms 
Square of the last term 





Simplify. Qx 4-3) (2 — 3) 


(Qa 2A) 20) eS: © This is the sum and 
=A — 9 difference of two terms. 


Simplify: (3x — 2)? 
(3x — 2)? = (3x)? + 2(3x)(—2) + (—2)’ __« This is the square of a 
= 9x* — 12x + 4 binomial. 
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Bei akin Sibicevunda avn a chseeeret eat beh at eee i odie dan e'ewiclad a Bae ue ae Dee pe eee eine 
Example 6 You Try It 6 


eae 7 “You Try It 7 


Simplify: (4z — 2w)(4z + 2w) 


Solution 
(4z — 2w)(4z + 2w) = 1627 — 4”? 


Simplify: (2r — 3s)’ 


Solution 
(2r — 3s)? = 4r? — 12rs + 9s? 





‘Objective E 


eee eee oe ese cece ee eee seer eeseorece see ee eee ee eee EO B EEO D 


Example 8 

The length of a rectangle is (x + 7) m. 

The width is (x — 4) m. Find the area of the 
rectangle in terms of the variable x. 


Strategy 

To find the area, replace the variables L and W 
in the equation A = L - W by the given values 
and solve for A. 


Solution 

A=L:-W 
A=(x+7)(« - 4) 
A=x? — 4x + 7x — 28 
A=x’ + 3x — 28 


The area is (x* + 3x — 28) m?. 


To solve application problems 


Simplify: (2a + 5c)(2a — 5c) 


Your solution 





Simplify: (3x + 2y)? 


Your solution 


Solutions on p.S9 





eoe rere see eee eee esses eee reese eoerseeseeeeeeeeeeeeeeeeeeee 


he Try It 8 
The radius of a circle is (x — 4) ft. Use the 
equation A = wr’, where r is the radius, to 
find the area of the circle in terms of x. 
Leave the answer in terms of 7. 





Your strategy 


Your solution 


Solution on p. S9 
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4.3 Exercises 


Objective A 


Replace the question marks to make a true statement. 


1. 
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2x*(3x + 7) = (?)(3x) + (?)(7) =? 


3(4x — 5) = (?)(4x) — (?)(5) =? Zs 

Simplify. 

cy an 4. (3 =4) Be a(x fer) 

7. 3a7’(a — 2) 8. 4b7(b + 8) 9, —5x?(x? — x) 
tex (Ox — 7) 123) (2y7 —y°) 13. 2x(6x? — 3x) 
P35, (2x — 4)3x 16. (3y — 2)y 17a Gi A) x 
EP Care) 20... =x yQxy = V7) 21. x(2x? — 3x + 2) 
23. —a(—2a’° — 3a = 2) 24. —b(5b? + 7b — 35) 

26. y°(—4y° — 6y + 7) 27. 2y?(—3y? — 6y + 7) 

29 a 3a —-)(—22) 30. (b° — 2b + 2)(—5b) 
On (Ok SXe— 1) 33. xy(x? — 3xy + y’) 
Objective B 

Simplify. 

B35) Gaae ox H2)Gs+ 1) 36. Gia 2x S27) (= 2) 


Zs 


28. 


34. 


18. 


22. 


aVcaay) 


—6y*(y + 2y’) 


3y(4y — y’) 


(Qe 1)2x 


Va SV aly 0) 


x?(3x* — 3x? — 2) 


4x?(3x* — 2x + 6) 


SO =) 


ab(2a”? — 4ab — 6b’) 


(a? — 3a + 4)(a — 3) 
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38. 


41. 


44. 


47. 


50. 


Simplify. 

S30 LCs ares) 54. 
Sy 3) r= 8) 58. 
61. (Zee l)iGst 2) 62. 
65. (4x — 3)(x — 7) 66. 
69°) (6x47) Gx + 11) 70. 


73. 
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(x? — 3x + 5)(2x — 3) 


(—2x? + 7x — 2)(3x — 5) 


(Wo 2y) Oy + 5) 


(Sy° + 8y — 2)(3y — 8) 


(Cb aba) (6b — 1) 





(3a — 2b)(2a — 7b) 





x 


39, (—2b? — 3b + 4)(b — 5) 40. (—a? + 3a — 2)(2a - 1) 
AQ) (a> — 2a 3) a — 1) 43. (x? + 5)(x — 3) 

45. (x? — 3x + 2) — 4) 46. (y? + 4y? — 8)(2y — 1) 
48. (3y? + 3y — 5)(4y — 3) 49, (5a? — 5a + 2)(a —4) 


Sy yy Ly 2) 52. (2a? — 3a? + 2a — 1)(2a — 3) 


ie ZY 3) 


(Gear WOES Sy) 


(Vice) (59!) 


(2x — 3)(4x = 7) 


(5@ + 6)(6a + 5) 


55. 


59. 


63. 


67. 


WA. 


(a — 3)\(aet 4) 


GE Dyr= 3) 


Ce DiGe 4) 


(By 78) G2) 


(7a — 16)(3a — 5) 


74. (5a — b)(7a — b) 


56. 


60. 


64. 


68. 


712. 


1D. 


(6 = 6)OFs) 


(a= 8)a—9) 


(7x — 2)(x + 4) 


Cy Divi) 


64.— 12) Ga) 


(a — 9b)(2a + 7b) 
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76. (2a + 5b)(7a — 2b) 77. (10a — 3b)(10a — 7b) 78. (12a — 5b)(3a — 4b) 
79. (Sx + 12y)(3x + 4y) 80. (11x + 2y)(3x + 7y) 81. (2x + 15y)(7x — 4y) 
82. (5x + 2y)(2x — 5y) 83. (8x — 3y)(7x — 5y) 84. (2x — 9y)(8x — 3y) 
(0) s} [1 11-0 8) 
Simplify. 
85. (y —5)(y + 5) 86. (y + 6)(y — 6) 87. (2x + 3)(2x — 3) 88. (4x — 7)(4x + 7) 
89. (x + 1) 90. (y — 3) 91. (3a — 5) 92. (6x — 5)’ 
93. (3%— 7)(3x +7) 94. (9x — 2)(9x + 2) 95. (2a +b) 96. (x + 3y)3 





Siew X.—2y)° 98. (2x — 3y) 99. (4 — 3y)(4 + 3y) 
100. (4x — 9y)(4x + 9y) 101. (5x + 2y)’ 102. (2a — 9b)’ 
Objective E Application Problems 
103. The length of a rectangle is (5x) ft. The width is (2x — 7) ft. Find the area Re 
of the rectangle in terms of the variable x. i 
104. The width of a rectangle is (3x + 1) in. The length of the rectangle 


is twice the width. Find the area of the rectangle in terms of the vari- 


able x. 


180 


105. 


106. 


107. 


108. 


109. 


Chapter 4 / Polynomials 


The length of a side of a square is (2x + 1) km. Find the area of the 
square in terms of the variable x. 


The radius of a circle is (x + 4) cm. Find the area of the circle in terms 
of the variable x. Leave the answer in terms of 77. 


The base of a triangle is (4x) m and the height is (2x + 5) m. Find the 
area of the triangle in terms of the variable x. 


A softball diamond has dimensions 45 ft by 45 ft. A base-path border x 
feet wide lies on both the first-base side and third-base side of the dia- 
mond. Express the total area of the softball diamond and the base paths 
in terms of the variable x. 


An athletic field has dimensions 30 yd by 100 yd. An end zone that is 
w yards wide borders each end of the field. Express the total area of the 
field and the end zones in terms of the variable w. 


APPLYING THE CONCEPTS 


Simplify. 
110. a+b) -—@-—by POs ee 33) 
113. What polynomial has quotient 3x — 4 when divided by 4x + 5? 


114. 


115. 


116. 





Add x* + 2x — 3 to the product of 2x — 5 and 3x + 1. 


Subtract 4x? — x — 5 from the product of x? + x + 3andx — 4. 


If a polynomial of degree 3 is multiplied by a polynomial of degree 2, 
what is the degree of the resulting polynomial? 


Is it possible to multiply a polynomial of degree 2 by a polynomial of 
degree 2 and have the product be a polynomial of degree 3? If so, give an 
example. If not, explain why not. 
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Integer Exponents and 
Scientific Notation 


To divide monomials a 


_* 
‘ 
Sey 


The quotient of two exponential expressions with 
the same base can be simplified by writing each 5 x 5 eeemeuly 


. . . . . x 
expression in factored form, dividing by the 3. fo pat ee x? 
common factors, and then writing the result with hogs 
an exponent. 
: ‘ 5 
Note that subtracting the exponents gives the ~ _ ,5-2_ ,3 
same result. x? 


To divide two monomials with the same base, subtract the exponents of the 
like bases. 


a! 
= Simplify: = 
a 


© The bases are the same. Subtract the exponents. 


rs 6 
=> Simplify: oe 
y 


rte 


5 — 78-746-1 
fal 


¢ Subtract the exponents of the like bases. 


= 


p! 
=> Simplify: a 
: 


Deas : 3 
Because the bases are not the same, Ee is already in simplest form. 


jG 


4 
: xX : : : cigs 
Consider the expression we # 0. This expression can be simplified, as shown 


below, by subtracting exponents or by dividing by common factors. 


1 1 1 1 
ee, Sane ei a 
cou Ke KER KG 
1 1 1 1 
4 Ba 
The equations —; = x° and — = | suggest the following definition of x°. 
ee i 


Definition of Zero as an Exponent 


If x ~ 0, then x° = 1. The expression 0° is not defined. 





182 Chapter 4 / Polynomials \ 


cRNA 


TAKE NOTE 


_ In the example at the 
right, we indicated that 

a0. Ifwe try to 

- evaluate (12a°)? when 

_ a=0, we have 


[12(0)* = [12(0)? = 0° 


_ However, 0° is not 

_ defined. Therefore, we 

_ must assume that a # 0. 
_ To avoid stating this for 

_ every example or 

_ exercise, we will assume 
_ that variables do not 

_ have values that result 

_ in the expression 0°. 












An century, the 
expression 12”” was used to 
‘mean 12x *. The use of m 


reflected an Italian influence. In 
Italy, m was used for minus and 
p was used for plus. It was 
understood that 2m referred to 
an unnamed variable. Issac 
Newton, in the 17th century, 
advocated the negative 
exponent we currently use. 


| TAKE NOTE 


' Note from the example 

_ at the right that 2‘ is a 
| positive number. A 

_ negative exponent does 
_ not change the sign of 

_ a number. 











spikieamrnioseasve 


TAKE NOTE 


_ For the expression 3n° 


_ the exponent on n is —5 
_ (negative 5). The n* 

_ is written in the 

_ denominator as n°. The 
_ exponent on 3 is 1 

_ (positive 1). The 3 

_ remains in the 

_ numerator. Also, we 

- indicated that n ¥ 0. 

_ This is done because 

_ division by zero is not 


_ defined. In this textbook, 


_ we will assume that 

_ values of the variables 
are chosen so that 

_ division by zero does 
not occur. 














=> Simplify: (12a%)°, a 4 0 


(12a’)? = 1 e Any nonzero expression to the zero power is 1. 


=> Simplify: —(4xy’)° 
CK eb) 


4 


Consider the expression —, x # 0. This expression can be simplified, as shown 
Xx 


below, by subtracting exponents or by dividing by common factors. 


1 1 1 1 
Kites’ Wye ‘ x! KKK x 1 
—- =x =x ~ —_— = SS 
a af ng Pala x ie 
Th ti 2 and a t that x ° 
e equations — =x “ and — = — suggest that x ~“ = —. 
lees x ce yee S& x? 


Definition of a Negative Exponent 


lf x ~ 0 and nis a positive integer, then 





An exponential expression is in simplest form when it is written with only posi- 


tive exponents. 


=> Evaluate 27+. 


1 
24= ah © Use the Definition of a Negative Exponent. 
1 
= ay e Evaluate the expression. 


=> Simplify: 3n°, n 4 0 


ye sees ate - oF ¢ Use the Definition of a Negative Exponent to 
Oe ae nw | OW rewrite the expression with a positive exponent. 


2 
=> Simplify: Sqn 


ees ° Use the Definition of a Negative 
5 Exponent to rewrite the expression 
with a positive exponent. 
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& 
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2 
F a . 
The expression (=) , y # 0, can be simplified by squaring _ or by multiplying 
y 


each exponent in the quotient by the exponent outside the parentheses. 








(=) ook nes mrs Came: Gi eae 
y) Si The ey? We Be He (5) DE 






Rule for Simplifying Powers of Quotients 










: x” x™ 
If m,n, and q are integers and y # 0, then Sane es 
y 


sa ope ESezBE CORMIER eIene ora SESSC09 eserense 


Se AN? 
TAKE NOTE =» Simplify: (<) 
As a reminder, although b 


itis not stated, we are ( =) no) 





a 
lege teeaieag ee Ri GD * Use the Rule for Simplifying Powers of Quotients. 


ensure that we do not Es, i 
have division by zero. ' a b ¢ Use the Definition of a Negative Exponent to 


2 A b* a? write the expression with positive exponents. 


PRAT RECAST EEE 


The example above suggests the following rule. 


Rule for Negative Exponents on Fractional Expressions 


lf a ~ 0, b # 0, and nis a positive integer, then 


(3) -(2) 


Now that zero as an exponent and negative exponents have been defined, a rule 
for dividing exponential expressions can be stated. 





Rule for Dividing Exponential Expressions 


m 


x 
If m and rare integers and x # 0, then vs = x7". 





=) 
»> Evaluate 5" 


-2 
~ Uy tee © Use the Rule for Dividing Exponential Expressions. 
if e Use the Definition of a Negative Exponent 

i 53 a 125 to rewrite the expression with a positive 


exponent. Then evaluate. 
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4 


: : xX 
=» Simplify: = 
x 
x 
2 ae ed e Use the Rule for Dividing Exponential Expressions. 
= © Subtract the exponents. 
= © Use the Definition of a Negative Exponent 
se to rewrite the expression with a positive 


exponent. 


The rules for simplifying exponential expressions and powers of exponential 
expressions are true for all integers. These rules are restated here, along with the 
rules for dividing exponential expressions. 


Rules of Exponents 


If m, n, and p are integers, then 
yr = ym (xmy”P pes xmyn 


x= bx 0 


=» Simplify: (3ab~*)(—2a~°b’) 


(CoDma eede i= 13 2)iia Tb 


@ When multiplying expressions, add 
the exponents on like bases. 














= —6q “h 
Hynalhe 
a 
=3) 
6m’n? 
=» Simplify: 
ws: 
Dre) WS) BLAS | =3 
Onin | _ | 3m in © Simplify inside the brackets. 
8m'n? 4 
=e al=3 
_ | 3m "| ¢ Subtract the exponents. 
4 
B44 ey 
a fe e Use the Rule for Simplifying Powers 
4 of Quotients. 
3 15 15 
i) = oFm ° Use the Definition of a Negative Exponent 
Se 27n? 


to rewrite the expression with positive 
exponents. Then simplify. 
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4a~*b> 
=> Simplify: ——— 
implify bash? 
AV ye | Dai? 
6a°b? 3a? 
2a7275p3-2 
aoe ee 
= 2070) 2D: 
3 3a’ 


ime mee mele nace e106 i600 © 'e\e're1(0)10)1e) 16) :6i's 16-6816), 0) 0) .¢) e.,0:fe/ 6) 016) .0) 6)8)\6ne 6. (6,00) e 0/0 ve: ol 


Example 1 Simplify: (—2x) (3x7?) 














} dash 
Simplify: | 


dab? | [ 2a“ | 
Solution | a 3 


2-3q}8p-15 
= ey 
I7a*” 
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© Divide the coefficients by their 
common factor. 


e Use the Rule for Dividing 
Exponential Expressions. 


¢ Use the Definition of a Negative Exponent 
to rewrite the expression with positive 
exponents. 


eee eer ee eee seer eoe eee oe eee eeeeerseeeeseeoneseeeeeesesee & 


Solution (20) (Bx )F? ="(— 2%) (32x) Your solution 
—2x! +6 
i 2nt 
27 
; ae ed NISL 6h soos sa cose PORTA EE BRE LATTIGU: SI SIRI NO oe Sak warping eeare sears 
Example 2 You Try It 2 
Go diene 
Simplify: (Pe Simplify: (4a°b2)2 
; (Cie ae er ee ' 
Solution (ee Tee Your solution 
yo 3-8 
paw 23/45 
1 
Te 
ont 
8t° 
a eee 


Your solution 


Solutions on p. S9 
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Point of Interest 
An ele c [ron microscope uses 
wavelengths that are 
approximately 4 X 10 * meter 
to make images of viruses. 
The human eye can detect 
wavelengths between 4.3 X 
10 ’ meter and 6.9 X 10 7 
meter. Although these are very 
short, they are approximately 
10° times longer than the waves 
used in an electron 


microscope. 
| Example 4 
scientific notation. 
Solution 
2 SoS e A Oe Ce ETS 
“Example 5 
decimal notation. 
Solution 


e@eeresreeoes eee ee eo eee eee ee oe ww B® oli) 


Write the number 824,300,000 in 


824,300,000 = 8.243 x 10° 


eooceoee ere eee eo oe eee oe ene eee eo ew 


Write the number 6.8 X 10°! in 


6.8 X 107'° = 0.00000000068 
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To write a number in scientific notation (—_ 


Very large and very small numbers abound in the natural sciences. For example, 
the mass of an electron is 0.000000000000000000000000000000911 kg. 
Numbers such as this are difficult to read, so a more convenient system called 
scientific notation is used. In scientific notation, a number is expressed as the 
product of two factors, one a number between 1 and 10, and the other a power 
of 10. 


To express a number in scientific notation, write it in the forma x 10”, where a 
is a number between 1 and 10, and 1 is an integer. 


For numbers greater than or equal to 10, 
move the decimal point to the right of the 
first digit. The exponent n is positive and 
equal to the number of places the decimal 
point has been moved. 


240,000 = 2.4 x 10° 
Sg 


93,000,000 = 9.3 x 10’ 
Nee eet 


For numbers less than 1, move the decimal 
point to the right of the first nonzero digit. 
The exponent n is negative. The absolute 
value of the exponent is equal to the number 
of places the decimal point has been moved. 


0.0003 = 3910" 
aes 


0.0000832 = 8.32 x 10° 
Nee 


Changing a number written in scientific notation to decimal notation also 
requires moving the decimal point. 


When the exponent is positive, move the deci- 
mal point to the right the same number of 
places as the exponent. 


3.45 x 10° = 3,450,000 
eee 
2.3 x 108 = 230,000,000 
Sr ee 
When the exponent is negative, move the deci- 


mal point to the left the same number of 
places as the absolute value of the exponent. 


8.1 x 10°? = 0.0081 
Reps, 


6.34 x 10-7 = 0.000000634 
A Oe 


ly @ 068 @ eee cee eo eo ee eee Hoo OEE OHDOT EO H EO HMM HOE EOE Eee O COE SO 


Write the number 0.000000961 
in scientific notation. 








© You Try It 5 Write the number 7.329 x 10° in 
decimal notation. 


Your solution 


Solutions on p. S9 
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4.4 Exercises 


1S. 


19. 


23% 


zd 


51° 


35. 


eds 


43. 


Objective A 


22 
11k? 


6r* 
4r’ 





12. 


16. 


20. 


24. 


28. 


32. 


36. 


40. 


44. 


C2x")" 


\o 


N |X 
N 


mS. 


14m"! 


7m '° 


8x? 
126° 





N 
lex 
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Replace the question marks to make a true statement. 


13. 


17. 


IAN 


25. 


29. 


33. 


37. 


41. 


45. 


nN 


N 


| 


NS) 
eo 











10. 


14. 


18. 


ZZ. 


26. 


30. 


34. 


38. 


42. 


46. 








—18b° 
27b* 


1 
VL 
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47. 


aL 


SS: 


59. 


63. 


66. 


69. 


12. 


AS. 


he) 
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ae 
12x° 








Pq 


are 56. 


Pq 


14x46? 


TREN 60. 


16x°y"z 


(oxya")* 


ta.) (a)? 


(3ab-7)(a'b)- 








48. 


: 52. 


76. 


80. 





a‘b> 
a°b® 





24a*b'c? 
36a'b°c 


64. 


67. 


70. 


135 


25d) 





8xy 


(xly)? 
xy 




















49 = 12% 
*  —18x° 
2m°n? 
53. Smo 
3x4y> 
Ve 
5 6x*y8 
A 15mn°p* 
*  30m'*n°p 
(3K y-) 
(Oni) Cae) 
(2a~*) (a’b“')° 
(54 iz) 
oy 
7, 2 
XY 
= 2 
81 we ) 
XY 


65. 


68. 


ak: 


74. 








\ 
—24c¢? 
=== 
—36c!! 
Bri: 
4. 
: 6rt! 
14a°*b° 
ae 21a°b® 
oo 25x tyiz- 
¥ 2004-2" 
Greve: 
(—2x7>)x? 


(—2ab~?)(4a~*b)? 





eas. 
a’b* 
2009. 
oe 
ay. 
(x >ye5)? 
82. ee 
ay, 
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aa (aay ap 12a’b> ae —1éxy4 = 8x4" 
a’y —27a°b? "96x44 BE 44y*2° 
87. 22a*b* a —(8a*b* eo —(14ab*)? oF Qa~b \- 
—1325%e" 64a°b® , 28a*b? ED) 
(3-'45-3)2 Big NS Sap ee 44,-2,,4\-2 
Opera Sip Sa eee gy (elses 
S ) 14xy~4z 25m *n 12ab~3d? 


Objective B 


95. Why might a number be written in scientific notation instead of decimal 
@> notation? 
A 


96. a. Explain how to write 0.00000076 in scientific notation. 
©, b. Explain how to write 4.3 x 10° in decimal notation. 


Write in scientific notation. 


97. 0.00000000324 98. 0.00000012 99. 0.000000000000000003 
100. 1,800,000,000 101. 32,000,000,000,000,000 102. 76,700,000,000,000 
103. 0.000000000000000000122 104. 0.00137 105. 547,000,000 


Write in decimal notation. 


106. 2.3 x 10°” 107s Blots: 108. 2x10” 
109. 6.8 x 10’ F10,. 9: <1077 111. 3.05 <10~ 
112.. 9.05 x 10” 1135, e022 10" 114. 7.2 x 10° 


115. Avogadro’s number is used in chemistry, and its value is approxi- 
mately 602,300,000,000,000,000,000,000. Express this number in scien- 
tific notation. 


116. 5,980,000,000,000,000,000,000,000 kg is the approximate mass of the 
planet Earth. Write the mass of Earth in scientific notation. 
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117. The length of an infrared light wave is approximately 0.0000037 m. 
Write this number in scientific notation. 


118. Light travels approximately 16,000,000,000 mi in one day. Write this 
number in scientific notation. 


119. One unit used to measure the speed of a computer is the picosecond. 
One picosecond is 0.000000001 s. Write this number in scientific 
notation. 


120. One light-year is the distance traveled by light in 1 year. One light-year 
is 5,880,000,000,000 mi. Write this number in scientific notation. 


121. The electric charge on an electron is 0.00000000000000000016 coulomb. 
Write this number in scientific notation. 


122. Approximately 35 teragrams (3.5 X 10" g) of sulfur in the atmosphere is 
converted to sulfate each year. Write this number in decimal notation. 


APPLYING THE CONCEPTS 


123. Evaluate 2* when x = —2, —1,0, 1, 124. Evaluate 3* when x = —2, —-1,0, 1, 
and 2. and 2. 

125. Evaluate 2“ when x = —2, —-1,0, 1, 126. Evaluate 3~* when x = —2, —1,0, 1, 
and 2. and 2. 


Determine whether each equation for Exercises 127 to 129 is true or false. If the equation is false, change 
the right-hand side of the equation to make a true equation. 


Se ao aS 
127. 2a) eS 128. = = |e 129. (2 +3)r! = 93 466! 
a y 








a ( bxtyz?\ (2x%3\ _ ( 6x2y? 
130. Simplify: ( 2x2y3 ( 4y?z s (Se 


131. Ifx is a nonzero real number, is x * always positive, always negative, or 
© positive or negative depending on whether x is positive or negative? 
Explain your answer. 
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Division of Polynomials 


Objective A | To divide a polynomial by a monomial 


To divide a polynomial by a monomial, divide each term in the numerator by the 
denominator and write the sum of the quotients. 


6x? — 3x* + 9x 








~=> Simplify: 
ox 
ee ae _ bk oF * Divide each term of the polynomial 
3x ek Eee ee by the monomial. 
=2x?-x+3 ¢ Simplify each expression. 
Example 1 lis: Try It 1 
een ery = Ory a 4 240-90 — Sky 6 
Sim li Ss (So 1 1 . Pate Bogen, 
plify Dey Simplify: res 
Solution Your solution 
12x2y — 6xy + 4x? 12x? ; 
Pace eee eters 12 OL AR, opnels yt 
2xy 2xy Dey 20y y 


Solution on p. S9 





Objective B To divide polynomials 


The procedure for dividing two polynomials is similar to the one for dividing 
whole numbers. The same equation used to check division of whole numbers is 
used to check polynomial division. 


(Quotient x divisor) + remainder = dividend 


= Simplityve (> — 54/4 8) (4 — 3) 





Step 1 3 x 
x —3)x?-—5x +8 © Think: x)x? = —- = x 
x? — 3x © Multiply: x(x — 3) = x? — 3x 
—2x + 8 ¢ Subtract: (x? — 5x) — (x? — 3x) = —2x 
Bring down the 8. 
Step 2 ma 2 
x — 3)x?—5x + 8 
x’ — 3x 
a ae wt 82 
—2x + 8 ¢ Think: x)—2x = at —2 
= Wee a (6) © Multiply: —2(x — 3) = —2x +6 
Z e Subtract: (—2x + 8) — (—2x + 6) =2 


e The remainder is 2. 


Check: (x — 2)(x — 3)+2=2x?-5x+6+2=x7-5x+8 





(CESS RE AE) el ae a 
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If a term is missing from the dividend, a zero can be inserted for that term. This 
helps keep like terms in the same column. 

















(x? —1)+(x+1)=x-1 


| TAKE NOTE => Simpy as 
_ Recall that a fraction 2+%x 
_ bar means “divided by.” 
_ Therefore, 6 ~2canbe 2x? + 6x + 26 e Arrange the terms of each polynomial in 
written 2, anda +bcan | x+2 descending order. 
be written —. 2x? — 4x + 14 
“ x+2)2x3+0 + 6x + 26 There is no x’ term in 2x? + 6x + 26. 
2x3 + 4x? Insert a zero for the missing term. 
sees aauleke 
— 4x? — 8x 
14x + 26 
14x + 28 
= 2) 
Check: 
(2x? — 4x + 14)(x + 2) + (—2) = (2x3 + 6x + 28) + (—2) = 2x? + 6x + 26 
2 
(2x3 + 6x + 26) + (x + 2) =2x* — 4x + 14 - 
ie mie 3 
a Example 2 E You Try It 2 
Simplify: (8x? + 4x? + x — 4) + (2x + 3) Simplify: (2x* + «7 — 8x — 3) = (2x — 3) 
Solution Your solution 
2x7 + x —-1 
2x + 3)4x3 + 8x2? + x —4 e Write the 
Ax? + 6x? dividend in 
Dit tt descending 
2x? + 3x powers of x. 
— 2% 74 
eile "3 
=I 
Gx 8x" + 4 — 4) = Ox + 3) 
1 
=2? +x —-—1 
e is 2x 4+ 3 
se End ee 
a x 20 ol 
Si li -, Si i + 
implify Parag implify nee 
Solution Your solution 
ieee 
x+1)?+0-1 e Insert a zero for 
xe +x the missing term. 
ee | 
al nea | 
0 


Solutions on p. S10 
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Objective A 
Simplify. 
MOG 25 ee 2 
1. =e 2. 16b 40 3. 6y + 4y 
° y 
4b? — 3b Pies me 
ie) passed 5, 2 _— oe 4 NUE? 
b 3x 2y 
5x 10x By? — 3 ee 
[i let go ey 9, % 13x) = 5x 
OK = Sy x 
@=5q2 +7 Beet) a) Seen Shee or 3 
se I eas SSS ee 
a a6 a 
Bay 4 10 2y2 _ Gee (iS y3 
13. xy xy 14. ON Va 24iy 15. Oy 15y 
5xy 8xy =3y" 
ae — OX 2 = 24 + 24 2y — 
———— Te ee yy ae 
2K x » 
San ails _ PAS ie py es fi, 2 
19. Brag 1X0 Ay Ny Oven 9 41, 16a*b — 20ab + 24ab 
8% y 4ab 
Dy ay 2 2, aL Mae 2 72 Ps a 2 
oe 22a) —liab — 33ap 53. On Wer OXY = OXY, we 5a*b — 15ab + 30ab 
llab xy Sab 
Objective B 
Replace the question marks to make a true statement. 
2a NE 7+ 2x -— 3 2) 
peg eS he > then 260 te ee eee Rihen 
Be ee Km 
x? -—-x -—6=(?)() Ea oa (eee 
Simplify. 
27. (b? — 14b + 49) = (b - 7) DS aea(C a Xe 0) (3) 29. (y? + 2y — 35) + (y + 7) 
SO (x 2 ox 2) = (Xe 2) Bley a oy 21) (y= 3) 32. (4x? — 16) + (2x + 4) 
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33. 


36. 


39. 


42. 


44. 


46. 


48. 


50. 


52. 
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Din cend | 
Vae® 
6x? — 7x 
3x =) 


(6x? — 5) + (x + 2) 


2y7 = Dy 8 
Das Fas ma 


(8x + 3 + 4x?) + (2x — 1) 


15a? — 8a — 8 
Ba —- 2 


(5 123% + 12x27), > 4x — 1) 


5x + 3x7 +2°4+ 3 


se se II 


Cae 0) (eZ) 


APPLYING THE CONCEPTS 


34. 


37. 


40. 


x+1 





6y* + 2y 


2y + 4 


(a? + 5a + 


10) = 


43. 


45. 


47. 


49. 


51. 


53. 





\ 
x? +4 
a x+2 
ae 5x? + 7x 
x= I 
eo) 41. (b? — 8b —9) = (6 -3) 


3x7 + 5x — 4 
Fe — | 


(10 + 21y + 10y) + (y + 3) 


12a* — 25a — 7 
34, = 7 


(24.60% 4 25a) = Gd =1) 


7x + x3? -— 6x7 -— 2 
ge = Il 





eo sO) ea) 


\ 54. In your own words, explain how to divide exponential expressions. 


55. The product of a monomial and 4b is 12ab?. Find the monomial. 
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| Focus on Problem Solving 


Dimensional In solving application problems, it may be useful to include the units in order to 
Analysis organize the problem so that the answer is in the proper units. Using units to 
organize and check the correctness of an application is called dimensional 
analysis. We use the operations of multiplying units and dividing units in apply- 

ing dimensional analysis to application problems. 


The Rule for Multiplying Exponential Expressions states that we multiply two 
expressions with the same base by adding the exponents. 


In calculations that involve quantities, the units are operated on algebraically. 






5m => A rectangle measures 3 m by 5 m. Find the area of the rectangle. 
’ A= We=(Gam) (6m) = = 5) (man) = 15 m7? 
m 
The area of the rectangle is 15 m* (square meters). 
=> A box measures 10 cm by 5 cm by 3 cm. Find the volume of the box. 
3 
——— a V = LWH = (10 cm)(5 cm)(3 cm) = (10-5 - 3)(em- cm: cm) = 150 cm’ 

5 cm 


10 cm The volume of the box is 150 cm? (cubic centimeters). 


=» Find the area of a square whose side measures (3x + 5) in. 


A=s? =[(3x + 5) in. 7 = (3x + 5)? in? = (9x? + 30x + 25) in’ 





The area of the square is (9x? + 30x + 25) in* (square inches). 
Dimensional analysis is used in the conversion of units. 


The following example converts the unit miles to feet. The equivalent measures 
1 mi = 5280 ft are used to form the following rates, which are called conversion 
any ] factors: an scala i 
5280 ft 5280 ft 1m 
1 mi Bad 5280 ft 

5280 ft 1 mi 





. Because 1 mi = 5280 ft, both of the conversion factors 


are equal to 1. 








: ‘ 5280 ft 
To convert 3 mi to feet, multiply 3 mi by the conversion factor —, 


pau erent avons SyntSTROR = 3 - 5280 ft = 15,840 fi 
15,840 ft 


There are two important points in the above illustration. First, you can think of 
dividing the numerator and denominator by the common unit “mile” just as you 
would divide the numerator os aa die of a fraction by a common factor. 
0 ft 
1 mi 
by 1 does not change the value of the expression. 








Second, the conversion factor = is equal to 1, and multiplying an expression 
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In the application problem that follows, the units are kept in the problem while 
the problem is worked. 


In 2000, a horse named Fusaichi Pegasus ran a 1.25-mile race in 2.02 min. Find 
Fusaichi Pegasus’s average speed for that race in miles per hour. Round to the 
nearest tenth. 


d : 
Strategy To find the average speed, use the formula r = 7 where r is the 


speed, d is the distance, and ¢ is the time. Use the conversion 
60 min 
1h 





factor 


ae d 1.25mi _ 1.25mi 60min 
oa athies, bil tbat) 02. tiliinaes 02 cialis pellet 


we: HE) oo 
2.02 h 











=~ 37.1 mph 


Fusaichi Pegasus’s average speed was 37.1 mph. 


Try each of the following problems. Round to the nearest tenth. 
1. Convert 88 ft/s to miles per hour. 
2. Convert 8 m/s to kilometers per hour (1 km = 1000 m). 


3. A carpet is to be placed in a meeting hall that is 36 ft wide and 80 ft long. At 
$21.50 per square yard, how much will it cost to carpet the meeting hall? 


4. Acarpet is to be placed in a room that is 20 ft wide and 30 ft long. At $22.25 
per square yard, how much will it cost to carpet the area? 


5. Find the number of gallons of water in a fish tank that is 36 in. long and 
24 in. wide and is filled to a depth of 16 in. (1 gal = 231 in3). 


6. Find the number of gallons of water in a fish tank that is 24 in. long and 
18 in. wide and is filled to a depth of 12 in. (1 gal = 231 in3). 


qe A z-acre commercial lot is on sale for $2.15 per square foot. Find the sale 


price of the commercial lot (1 acre = 43,560 ft?). 


8. A 0.75-acre industrial parcel was sold for $98,010. Find the parcel’s price per 
square foot (1 acre = 43,560 ft). 


9. A new driveway will require 800 ft* of concrete. Concrete is ordered by the 
cubic yard. How much concrete should be ordered? 


10. A piston-engined dragster traveled 440 yd in 4.936 s at Ennis, Texas, on 
October 9, 1988. Find the average speed of the dragster in miles per hour. 


11. The Marianas Trench in the Pacific Ocean is the deepest part of the ocean. 
Its depth is 6.85 mi. The speed of sound under water is 4700 ft/s. Find the 


time it takes sound to travel from the surface to the bottom of the Marianas 
Trench and back. 
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eo Projects and Group Activities 


Pascal's Triangle Simplifying the power of a binomial is called expanding the binomial. The expan- 
sions of the first three powers of a binomial are shown below. 


(a+b)i=a+b 
Poin of nterest (a+ by’ =(at+b)a+b) =a’ + 2ab +b? 
a+ bp=(a+byat+b)=@ + 2ab+ b’?)(a + b) =a’ + 3a’*b + 3ab? + b? 


to eet ans | in China : 4 + Oa ayes 3 
probably as early as 1050 A.D. Jee (la 2) 2M let 2 sella 2) es a) 


But Pascal’s Traite du triangle 


arithmetique. Treatise Find (a + b)°. [Hint: (a + b)? = (a + b)*(a + b)] 
Concerning the Arithmetical 
Triangle) brought together all If we continue in this way, the results for (a + b)° are 


the different aspects of the 
numbers for the first time. 


(a + b)® =a® + 6a°b + 15a*b? + 20a°b? + 15a*b* + 6ab° + b® 


Now expand (a + b)®. Before you begin, see whether you can find a pattern that 
will help you write the expansion of (a + b)® without having to multiply it out. 
Here are some hints. 


1. Write out the variable terms of each binomial expansion from (a + b)! 
through (a + b)*®. Observe how the exponents on the variables change. 


nisl 2. Write out the coefficients of all the terms without the variable parts. It will be 

Re 24 helpful to make a triangular arrangement as shown at the left. Note that each 
Ons row begins and ends with a 1. Also note (in the two shaded regions, for ex- 
a. ei 15; ample) that any number in a row is the sum of the two closest numbers above 


it. For instance, 1 + 5 =6and6+4= 10. 


1 6 15 20 15 6 1 The triangle of numbers shown at the left is called Pascal's Triangle. To find the 
expansion of (a + b)*, you need to find the eighth row of Pascal’s Triangle. First 
find row seven. Then find row eight and use the patterns you have observed to 
write the expansion (a + b)®. 


Pascal’s Triangle has been the subject of extensive analysis, and many patterns 
have been found. See whether you can find some of them. 





Chapter Summary 


Key Words A monomial is a number, a variable, or a product of a number and variables. ; 
lp. 165] 


A polynomial is a variable expression in which the terms are monomials. A poly- - : 
nomial of one term is a monomial. A polynomial of two terms is a binomial. A: 
polynomial of three terms is a trinomial. [p. 165] 


The degree of a polynomial in one variable is the greatest of the degrees of any of 
its terms. [p. 165] 


The opposite of a polynomial is the polynomial with the sign of every term 
changed. [p. 166] 
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Essential Rules 


A number written in scientific notation is a number written in the forma x 10", 


where 1 <a < 10, and 7 is an integer. [p. 186] 


Addition of Polynomials [p.165] 


Subtraction of Polynomials [p.166] 


Rule for Multiplying Exponential 
Expressions [p.169] 


Rule for Simplifying the Power 
of an Exponential Expression [p.170] 


The FOIL Method [p.174] 


The Sum and Difference of Two Terms 
[p.175] 


The Square of a Binomial [p.175] 


Rule for Simplifying Powers of 
Products [p.170] 


Definition of Zero as an Exponent [p.181] 


Definition of a Negative Exponent [p.182] 


Rule for Simplifying Powers of 
Quotients [p.183] 


Rule for Negative Exponents 
on Fractional Expressions [p.183] 


Rule for Dividing Exponential 
Expressions [p.183] 


Scientific Notation [p.186] 


To express a number in scientific notation, write 
it in the form a X 10", where a is a number 
between 1 and 10, and n is an integer. If the 


To add polynomials, add the 
coefficients of the like terms. 


e 


To subtract two polynomials, add : 


the opposite of the second 
polynomial to the first. 


n m+n 


Pa = 


Cane = gilt 


To multiply two binomials, add 
the products of the First terms, 
the Outer terms, the Inner 
terms, and the Last terms. 


(at+b)(a-b)=a -—b’ 
(a+b)? =a’ +2ab+b? 
(a —b)? =a’ — 2ab+b? 


(eye — eae 


Fonx = 0,x° = 1, 
1 


aid! 


1 





1 
Forx + 0,x "= = and 


x” P xP 
For y #0, (=) = ‘ 
yy, 


Xx 





For a 4 0,b.4 0, (<) -(2), 
b a 


m 


x oe 
Fon cage Oi =a ee 
x 


367,000,000 = 3.67 x 108 


0.0000059 = 5.9 x 10°° 


number is greater than 10, the exponent on 10 
will be positive. If the number is less than 1, the 


exponent on 10 will be negative. 


To change a number written in scientific notation 2.418 x 107 = 24,180,000 
to decimal notation, move the decimal point to the 


right if the exponent on 10 is positive and to the ~ 


9.06 x 10°° = 0.0000906 


left if the exponent on 10 is negative. Move the 
decimal point the same number of places as the 


absolute value of the exponent on 10. 


ae eS 0 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


11. 


13. 


15. 


oo Chapter Review 


Simplify: (2b — 3)(4b + 5) 


Stmuplity. (b> — 25> — 336 — 7) = ( — 7) 





Simplify: —2x(4x? + 7x — 9) 


Simplify: (23)? 


8x 


Simplify: 1D? 


Simplify: (5a7b°)?(4ab) 


Sinaplity: (3y° — i= 2)'— (12y* — 2y — 1) 


Simplify: (3y? + 4y — 7)(@y + 3) 


10. 


12. 


16. 
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Simplify: (12y? + 17y — 4) + (Qy? — 13y + 3) 


Simplify: (xy°z?) (x3y3z) 


(4a 7b) 


Simplify: (Qa—'b-2)4 





Simplify; (6x7 — 2x — 1) — x? — 5x + 7) 


Simplify: (5y — 7) 


126" SOs 3b 


Simplify: 3B 





Simplify: (5a? + 6a — 11) + (5a? + 6a — 11) 


—18a°b 


Simplify: 27q3b* 
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17. 


19. 


24. 


ZS. 


25. 


757 fe 


29. 


Si: 


32. 
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Simplify: 2ab*(4a? — 2ab + 3b’) 


Simplify: (—3x?y°)? 


Simplitye(2x- 7x + x) + (2x° — 4x — 12) 


Simplify: (a + 7)(a — 7) 


Simplify: (6y? — 35y + 36) + (3y — 4) 


Simplify: (Sxy?) (—4x?y°) 


Write 0.000000127 in scientific notation. 


18. 


20. 


pape 


24. 


26. 


28. 


30. 


Simplify: (6y? + 2y + 7) — (8y? + y + 12) 


Simplify: (6b? — 2b? — 5)(2b? — 1) 


167 =32y 


Simplify: ar 


Simplify: (2a'*b*) (—9b’c°) (3ac) 


Simplify: (3x y~) 


Simplify: (Sa — 7)(2a + 9) 


Write 3.2 X 10°'* in decimal notation. 


The length of a table-tennis table is 1 ft less than twice the width of the 
table. Let w represent the width of the table-tennis table. Express the area 


of the table in terms of the variable w. 


The side of a checkerboard is (3x — 2) in. Express the area of the checker- 


board in terms of the variable x. 
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11. 


13. 


q Chapter Test 


Simplify: 2x(2x? — 3x) 





Ze 
Simplify: — 4. 
Simplify: (x? + 1) + (x + 1) 6. 
Simplify: (—2a’b)? 8. 
Simplify: (a — 2b)(a + 5b) 10. 
Simplify: (x? + 6x — 7) + (x — 1) 12. 
Simplifys(=20" +4 — 7) (2x = 3) 14. 
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ee che’ tS) 


Simplify: a 
a 


Simplify: (—2xy?) (3x?y*) 


Simplify: (« — 3)(x? — 4x + 5) 


Gx 4) 


Simplify: aha 


16x° — 8x? + 20x 


Simplify: me 


Simplify: —3y?(—2y? + 3y — 6) 


Simplify: (4v — 3)(4y + 3) 
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15. 


17. 


19. 


24. 


23. 


2D: 
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Simplify: (ab?) (a°b°) 


20a 35 
Simplify: —— 


Simplify: (2x — 5)? 


OLE 


implify: 
Simplify ay? 


Simplify: (3x° — 2x? — 4) + (8x? — 8x + 7) 


2a™'b 


16. Simplify: Das 


18. Simplify: (a? = 2a — 7) — (5a* + 2a — 10) 


20. <Simplity; 4." = 7) = Gx = 3) 


22. Simplify: (2x — 7y)(5x — 4y) 


24. Write 0.00000000302 in scientific notation. 


The radius of a circle is (x — 5) m. Use the equation A = wr’, where r is the 
radius, to find the area of the circle in terms of the variable x. Leave the 


answer in terms of 7. 


Copyright © Houghton Mifflin Company. All rights reserved. 


1. 

3. 

S: 

7B 

9. 

11. 
= 
o 
iS 
o 
2 
2 
oD 
‘EB 
Zz 

> 13. 
s 
Q 
g 
° 
oO 
£ 
= 
= 
q 
ie) 
= 
on 
5 

= 15. 
© 
Ss 
2 
zB 
° 
oO 


< Cumulative Review 


sSunplifys—2x — (—xy) + 7x — 4xy 


Srupiiy (3% — 2(4 — 3x) 42] 


Solve: 2x —9 = 3x +7 


35.2 is what percent of 160? 


Simplify: (3y? — 5y + 8) — (—2y’ + 5y + 8) 


Simplify: (4xy*) (—2x’y’) 


10. 


VP 


16. 
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2\3 5 
E —3?-,=) -|-=)}. 
valuate —3 (2) ( :) 


b —- (a — by 
b? 


Evaluate when a=-2 and 


b = 3. 


Simplify: a20(-3) 

Solve: 12 = - 

Solve: 2 — 3(44 - x) =2x +5 

Simplify: (4b° — 7b? — 7) + (3b? — 8b + 3) 


Simplify: (a@b°y 


Simplify: —2y?(—3y* — 4y + 8) 
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17. 


19. 


ZA. 


22. 


23. 


24. 


25. 
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Simplify: (2a — 7)(5a2 — 2a + 3) 18. Simplify: (3b — 2)(5b — 7) 


(—2ab?) 


Simplify: Ba‘b8 


20. Simplity: (@? — 4a — 21) = (@ + 3) 


Write 6.09 X 10~° in decimal notation. 


Translate “the difference between eight times a number and twice the num- 
ber is eighteen” into an equation and solve. 


Fifty ounces of orange juice are added to 200 oz of a fruit punch that is 10% 
orange juice. What is the percent concentration of orange juice in the 
resulting mixture? 


A car traveling at 50 mph overtakes a cyclist who, riding at 10 mph, has had 
a 2-hour head start. How far from the starting point does the car overtake 
the cyclist? 


The width of a rectangle is 40% of the length. The perimeter of the rec- 
tangle is 42 m. Find the length and width of the rectangle. 
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Chapter Factoring 


Section 5.1 


A To factor a monomial from a polynomial 
B_ To factor by grouping 


Section 5.2 


A. To factor a trinomial of the form x2 + bx +c 
B To factor completely 


Section 5.3 


A To factor a trinomial of the form 
ax* + bx + c by using trial factors 


B_ To factor a trinomial of the form 
ax* + bx + c by grouping 


Section 5.4 





A To factor the difference of two squares and 
perfect-square trinomials 
B_ To factor completely 


Coordinating the position of each skydiver in a jump involves 


Section 5.5 a lot of careful planning. Position within the “pattern” is 
A. To solve equations by factoring determined by when and where each shute is deployed, 
B To solve application problems which is further dependent upon each diver’s velocity during 


free fall. Factors such as the initial altitude of the jump, the 
size of the parachute, and the weight and body position 

of the diver affect velocity. The velocity of a falling object 
can be modeled by a quadratic equation, as shown in 
Exercises 73 and 74 on page 243. 


sew he Need help? For online student resources, such as section 
quizzes, visit this textbook’s website at 
- math.college.hmco.com/students. 
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Common Factors 


Objective A To factor a monomial from a polynomial 


The greatest common factor (GCF) of 6xy=2-3-°-xK° xx: Yy 
two or more monomials is the product Cy? eg yy 
of the GCF of the coefficients and the GOR = 2. hay = xy 
common variable factors. 





Note that the exponent of each variable The GCF of 6x*y and 8x’y? is 2x’y. 
in the GCF is the same as the smallest 

exponent of that variable in either of the 

monomials. 


=> Find the GCF of 12a*b and 18ab’c. 


The common variable factors are a’ ab =O. 3-40 
and b; c is not a common variable (8a7*b*e = 2 = 3° 3 ae be 
factor. GCE =2.-37 a - b= 6acb 
To factor a polynomial means to write Multiply 
the polynomial as a product of other 
1 ials. 
oak bats Polynomial = Factors 
2x? + 10x 2x(x + 5) 


oes Factor | 


In the example above, 2x is the GCF of the terms 2x’ and 10x. It is a common 
factor of the terms. 


=> Factor: 5x? — 35x? + 10x 
Find the GCF of the terms of the polynomial. 
5x = 5 x? 


854° = el 





TAKE NOTE | 10x 2 Sex 
At the right, the factors ; 
in parentheses are The GCF is 5x. 


determined by dividing 
each term of the : 
trinomial by the GCF, 5x. — 


ates ame eERRNONNONN OHNO 


Rewrite the polynomial, expressing each term as a product with the GCF as 





ree : one of the factors. 

, —— = x? i 

eeont ae ] 5x3 — 35x? + 10x = 5x(x’) + 5x(—7x) + 5x(2) 

ne GAZ) ¢ Use the Distributive Property 
on to write the polynomial as a 
ieee es ed product of factors. 
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=> Factor: 21x7y° — 6xy> + 15x7y* 
Find the GCF of the terms of the polynomial. 
Dixy) = 3c Tein a 
(CH) es PON ROR nO i 
15x y= 3 Sex =? 
The GCF is 3xy’. 


Rewrite the polynomial, expressing each term as a product with the GCF as 
one of the factors. 


21x*y? — 6xy® + 15x4y? = 3xy?(Txy) + 3xy?(—2y*) + 3xy?(5x’) 


= 3xy*(7xy = 2y°? + 5x’) e Use the Distributive Property 
to write the polynomial as a 
product of factors. 


Beene ec eer esr ercccensccce reece ee ee eee eee eee esenesseesreecc eee Ome s eres eer eee eere reer eee eererneeeeeeeeoseseseeeseoeses ses 


| Example 1 i You Try It 1 
Factor: 8x? + 2xy Pactor: 140° — 21a-b 
Solution Your solution 


The GCF is 2x. 
8x? + Qxy = 2x(4x) + 2x(y) 


= 2x(4x + y) 
4 Example 2 © You Try It 2 
Factor: n? — 5? + 2n Factor: 27b? + 18b + 9 
Solution Your solution 
The GCF is n. 


nm — 5n* + 2n = n(n’) + n(—5n) + n(2) 
= n(n? — 5n + 2) 


“Example 3 You Try It 3 
Factor 16x77 + 8x*y* = 12x*y° Factor: 6%°y" = Oxy" + 127 
Solution Your solution 


The GCF is 4x’y. 


L6x*y + 8x*y? — 12x*y° 
= 4x7y(4) + 4x?y(2x2y) + 4x?y(—3x?y4) 
= Ax*y(4 + 2x?y — 3x74) 


Solutions on p. S10 
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Objective B To factor by grouping 
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In the examples at the right, the binomials in 2a(a + by 
parentheses are called binomial factors. Say (ay) 


The Distributive Property is used to factor a common binomial factor from an 
expression. 


The common binomial factor of the expression 6x(x — 3) + y?(x — 3) is (x — 3). 
To factor that expression, use the Distributive Property to write the expression as 
a product of factors. 


6x(x — 3) + y*(x — 3) = (x — 3) (6x + y’) 
Ss, aes SS 
Per pee ll Nee ae | 


Consider the following simplification of —(a — b). 


—(a-— b)=-l1(a-b)=-a+b=b-a 


Thus b-—a=-(a-—b) 


This equation is sometimes used to factor a common binomial from an 
expression. 


m> Factor: 2x(x — vy) + 5(y — x) 


2K Gy) + Se) S24 = 9) = Ox =) e 5(y — x) = 5i(-1)(x — y)] 
= (60 = 1))\(2X— 5) = —5(x— y) 


Some polynomials can be factored by grouping terms in such a way that a 
common binomial factor is found. 


=» Factor: ax + bx — ay — by 


ax + bx — ay — by = (ax + bx) — (ay + by) ¢ Group the first two terms and 
the last two terms. Note that 
—ay — by = —(ay + by). 
= x(a + b) — ya + b) 
=(¢+ Dx — y) e Factor the GCF, (a + 6), 
from each group. 


e> Factor: 6x? — 9x — 4xy + 6y 


6x? — 9x — 4xy + 6y = (6x” — 9x) — (xy — by) e Group the first two terms and 
the last two terms. Note that 
—4xy + Gy = —(4xy — Gy). 
= 34(2x — 3) — 2y(2x — 3) 
= (2x — 3)(3x — 2y) e Factor the GCF, (2x — 3), 
from each group. 
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iB Fle we ee we omeerersesrereeseseeoseresreessesreeerereseoes 


“Example 4 
Factor: 4x(3% = 2) = 16x — 2) 


Solution 
ANG GVO OAV re aT YO n= 1) 


= (3x — 2)(4x — 7) 


Look 5 


Factor. 9 — 15% = 6xy + 10y 

Solution 

Tile 16a) 4 10y 
= (9x? — 15x) — (6xy"— 10y) 
= 3x(30 — 5) 23x 5) 
==1(321— 15) (3% 2y) 


ii ge 
| SRR UG GUOODOO GOL CC GC OO OC CO CCC G CC UEC UC DCC CCC GRDIDe iC tC a CC CCC iG ccc Cn Ce cic CCCI nici SOI IOICICIC nt) 


i Example 6 
Factor 34-9 — 4x — 15xy + 20 


Solution 

oxy — 4x = 15xy "+ 20 
= (3x’y — 4x) — (15xy — 20) 
= x(34y — 4) - SGxy = 4) 
Bay Ay ar) 


Beare 7 IVou Try It 7 


Factor: 4ab — 6 + 3b — 2ab’ 

Solution 

4ab — 6 + 3b — 2ab? 
= (4ab — 6) + (3b — 2ab’) 
= 2(2ab — 3) + b(3 — 2ab) 
= 2(2ab — 3) — bQab — 3) 
= (2ab:= 3)(2 — Bb) 


oe ee ce oom 


| You Try It 4 
Factor 27 Gv. 2) 32 = oy) 


Your solution 


i You Try it 5 
Factor: a? — 3a + 2ab — 6b 


Your solution 


Hou Try It 6 
Factor: 2mn? — n + 8mn — 4 


Your solution 


Factor: 3xy°> 9y — 12 -F 4x 


Your solution 


Solutions on p. S10 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 5.1 / Common Factors 211 


5.1 Exercises 
(@) 0) [=f eh Ws | 
1. Explain the meaning of “a common mono- 2. Explain the meaning of “a factor” and the 


{ i es 2) s F i 5 
a mial factor of a polynomial. «* meaning of “to factor.” 





Factor. 
Se 5a 455 45 [bs 7 5. .16 — 8a? 6. 12 + 12y* Ls SOxXe 2 
8. 16a — 24 91 30g 6 10. 20b+5 11. 7x? — 3x 12. 12y* = Sy 
13. 3a? +5a° 14. 9x — 5x? 15. 14y?+ lly 16. 6b° — 5b? 17. 2x? — 4x 
18. ; 3y* =) 9y £92 10%° = 12 20. 12a° — 32a? 21. 8a — 4az 22... 16y* —a8y7 
23:3. xy? — xy 24. a’b? + ab 25. 3% — Oxy 26. 12a*b° — 9Yab 21S 
28. 3x° + 6x? + 9x 29. .5y° — 20y’ + 5y 30... 2x' — 42 6x, 31, 3y' — 9y° = by’ 
32. 2x? + 6x? — 14% 33. 3y? = Sy? + 24y 34. 2y°> — 3y* + Ty? 35. 6a° — 3a° — 2a’ 
36: xy — 3x7 + Ixy" 37. 2a’*b — 5a’b* + Tab’ 38. 5y? + 10y? — 25y 
39. 4b° + 6b* — 12b 40. 3a’b* — 9ab* + 15b* ALS 8x7? — 4x x 
Objective B 
Factor. 
42. «(6+ 4+ 30+ 4) 43, \iaz) Bia FZ) BA TA ee OY eo) 
45. 3r(a—b)+sa—b) AG, AK — 2) + V2— x) 47. tm — 7) + 7(7 —m) 


212 


48. 


51. 


54. 


57. 


60. 


63. 


66. 


Chapter 5 / Factoring 


ZAC 0) VD 7) 


x? + 2x + Ixy + Ay 


t? + 4t — st — 4s 


227 =z + 2yz - y 


Dix a Oxy — 49x = 14y 


398 = Oy —ay + 2a 


2ab — 3b? — 3b + 2a 


APPLYING THE CONCEPTS 


49. 


D2. 


55. 


58. 


61. 


64. 


67. 


2y(4a — b) — (b — 4a) 


x? — 3x + 4ax — 12a 


ab + 6b — 4a — 24 


2y? — 10y + 7xy — 35x 


Di Oxy LOY 


2ra +a’ —2r-a 


3st + t? — 2t — 6s 


50. 


53. 


56. 


59. 


62. 


65. 


68. 


8c(2m — 3n) + (3n — 2m) 


Oo — 20 stor 


AY Dy, =a 0) 


8v? — 12vy + 14v — 21y 


4a? + 5ab — 10b — 8a 


3xy — y° —Y 3K 


4X” + 3xy = 12y = 16% 


A natural number is a perfect number if it is the sum of all its factors less than itself. For example, 6 is a 
perfect number because all the factors of 6 that are less than 6 are 1, 2, and 3, and1+2+3=6. 


69. Find the one perfect number between 20 


ale 


1 


and 30. 


In the equation P = 2L + 2W, what is the effect on P when the quantity 


L + W doubles? 


Write an expression in factored form for each of the shaded portions in 
the following diagrams. Use the equation for the area _ a rectangle 


(A = LW) and the equation for the area of a circle (A = zr’) 


ico 


70. Find the one perfect number between 490 
and 500. 
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Factoring Polynomials of the 
Form x? + bx+c¢ 


To factor a trinomial of the form x2 + bx +c 





Trinomials of the form x? + bx + c, where x?4+ 8x +12:b=8,c=12 
b and ¢ are integers, are shown at the B16 12 b= 7 oD 
right. x*- 2x —-15;b=-2,c=—-15 


To factor a trinomial of this form means to express the trinomial as the product 
of two binomials. 


Trinomials expressed as the product of bi- x” Sa 12 ==n(Grmeno come?) 
nomials are shown at the right. a 16 12 ee) 
x — 24 = 15=@ + 3) — 5) 


The method by which factors of a trinomial are found is based on FOIL. Con- 
sider the following binomial products, noting the relationship between the con- 
stant terms of the binomials and the terms of the trinomials. 








(x + 6)(x + 2) =x? + 2x + 6x + (6)(2) =x?4+ 8x + 12 
2 ; Sum of 6 and 2 
The signs in the Product of 6 and 2 
binomials are 
the same. (x — 3)(x — 4) =x? — 4x — 3x + (—3)(-—4) =x? — 7x + 12 
Sum of —3 and —4 dash 
Product of —3 and —4 
(x + 3)(% — 5) =x? = 5% + 3x4 (3)(—5) =x? — 2x — 15 
Sunofs and 5 $$ == | 
The signs in the Product of 3 and —5 
binomials are 
opposites. (x — 4)(x + 6) =x? + 6x — 4x + (-4)(6) =x? + 2x — 24 


Sum of —4 and 6 
Product of —4 and 6 


IMPORTANT RELATIONSHIPS 


1. When the constant term of the trinomial is positive, the constant terms of the 
binomials have the same sign. They are both positive when the coefficient of 
the x term in the trinomial is positive. They are both negative when the coef- 
ficient of the x term in the trinomial is negative. 


2. When the constant term of the trinomial is negative, the constant terms of the 
binomials have opposite signs. 


3. In the trinomial, the coefficient of x is the sum of the constant terms of the 
binomials. 


4. In the trinomial, the constant term is the product of the constant terms of the 
binomials. 
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> Factor: x? — 7x + 10 


Because the constant term is positive and the coefficient of x is negative, the 
binomial constants will be negative. Find two negative factors of 10 whose 
sum is —7. The results can be recorded in a table. 





© These are the correct factors. 


x = Ix + 10 =(% — 2)(x — 5) ¢ Write the trinomial as a product of its factors. 
You can check the proposed factorization by multiplying the two binomials. 


Check? (x = 2)\@ —5)=x° — 5x — 2x + 10 
AF edad) ig 


=> Factor: x7 — 9x — 36 





The constant term is negative. The binomial constants will have opposite 
signs. Find two factors of —36 whose sum is —9. 


© Once the correct factors are found, it 
is not necessary to try the remaining 
factors. 





x? — 9x — 36 = (x + 3)(x - 12) © Write the trinomial as a product of 
its factors. 
=> Factor: x7 + 7x + 8 Se ; 


Because the constant term is positive and the coefficient of x is positive, the : 
binomial constants will be positive. Find two positive factors of 8 whose sum 
isi]. 





There are no positive integer factors of 8 whose sum is 7. The trinomial 
x’ + 7x + 8 is said to be nonfactorable over the integers. 


Just as 17 is a prime number, x* + 7x + 8 is a prime polynomial. Binomials 
of the form x — a and x + a are also prime polynomials. 


cee toed 


sees 
Wao) 
0 


xi A BE ee ee 
a oo waar? Tete ee eee nes 
Bits, eo 4 Me 
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TAKE NOTE | 
_ The first step in any 
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Example 2 te Try It 2 
Factor: x? + 6x — 27 Factor: x* + 7x — 18 
Solution 


; Your solution 
Find two factors of 


—27 whose sum is 6. 





t 
i 
g 
2 
i 
e 
ti 
& 
is 
i 


a + 6x — 27 = (x — 3)(x + 9) 
Solution on p. S10 


Objective B To factor completely 


A polynomial is factored completely when it is written as a product of factors 
that are nonfactorable over the integers. 


=> Factor: 4y? — 4y? — 24y 





—y 


factoring problem is to sp aA PE Ay(y*) — 4y(y) — 4y(6) JE OTe 

_ determine whether the _ 

_ terms of the polynomial — = 4y(y? — y — 6) © Use the Distributive Property 
uu a ee cca to factor out the GCF. 

ey do, factor i 

ee ee = 4y(y + 2)(y — 3) ¢ Factor y? — y — 6. The two 


factors of —6 whose sum is 
—1 are 2 and —3. 


It is always possible to check the proposed factorization by multiplying the poly- 
nomials. Here is the check for the last example. 


Check: 4y(y + 2)(y — 3) = 4y(y? — 3y + 2y — 6) 
= Ay" ==) 
= 4y> — 4y* = Day © This is the original polynomial. 





=» Factor: 5x? + 60xy + 100y’ 


5x? + 60xy + 100y? = 5(x?) + 5(12xy) + 5(20y’) © The GCF is 5. 
= 5(x? + 12xy + 20y’) ¢ Use the Distributive Prop- 
ea aa aN aa erty to factor out the GCF. 
See = 5(x + 2y)(x + 10y) e Factor x* + 12xy + 20y’. 


| 2y and 10y ae in The two factors of 20 
_ the binomials. This is : 
_ necessary so that the 


whose sum is 12 are 2 


: middle term contains xy and 10. 
_ and the last term : : : ; : 
patalid y?. _ Note that 2y and 10y were placed in the binomials. The following check shows 


that this was necessary. 


Check: 5(x + 2y)(x + 10y) = 5(x? + 10xy + 2xy + 20y’) 
= 5(x? + 12xy + 20y’) 
= 5x? + 60xy + 100y’ ¢ This is the original polynomial. 


216 Chapter 5 / Factoring 


TAKE NOTE 

_ When the coefficient of 
_ the highest power in a 
_ polynomial is negative, 
_ consider factoring out 

_ anegative GCF. 

_ Example 3 is another 

_ example of this 

: technique. 





] Example 3 
Factor: —3x* + 9x? + 12x 


Solution 
The GCF is —3x. 


Factor: 15 — 2x — x’ 


Because the coefficient of x? is —1, factor —1 from the trinomial and then 
write the resulting trinomial in descending order. 


152% esa ae 2% 15) © 15 — 2x — x2 = —1(-15 + 2x + x’) 
= —(x? + 2x — 15) 
e Factor x’ + 2x — 15. The two 
factors of —15 whose sum is 


2are5and —3. 


= —(x + 5)(% — 3) 


Check: —(x + 5)(x — 3) = —(x* + 2x — 15) 
Saat eu co OS) 


= 15-2 26 © This is the original polynomial. 





| You Try It 3 
Factor: —2x? + 14x? — 12x 


Your solution 


—3x? + 9x? + 12x = —3x(x? — 3x —- 4) 
Factor the trinomial x? — 3x — 4. Find 
two factors of —4 whose sum is —3. 





—3x3 + Ox? + 12x = —3x(x + 1)(x — 4) 





PsiietislieteWel a) miveiiereria, isi tetsi'a] ie. 10 alae toltale) ia) o fone) sels fot olne te senalteiedel ei sure) ols) 4 intel! veils ; Rm Ueipiel ai Wier ety eM@le! #.\s Leite o) Nels elbwlieiia)Kaslene, selene lie) wi (eine cei"el Wivalioriv le: (eval el ulcedalel ata 


‘Example 4 hYou Try it 4 

Factor: 4x7 — 40xy + 84y? Factor: 3x7 — 9xy — 12y? 
Solution 

The GCF is 4. 

4x? — 40xy + 84y? = 4(x? — 10xy + 21y’) 
Factor the trinomial x? — 10xy + 21y’. 
Find two negative factors of 21 whose 
sum is —10. 


Your solution 





4x? — 40xy + 84y? = 4(x — 3y)(x — Ty) 


Solutions on p. S11 
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5.2 Exercises 






Objective A 


1. Fill in the blank. In factoring a trinomial, if the constant term is positive, 
then the signs in both binomial factors will be 


2. Fill in the blanks. To factor x? + 8x — 48, we must find two numbers 





whose product is _______ and whose sum is 
Factor. 
3. x7 +3x+2 4. x°+5x+6 56 x? x = 2 
7. a®?t+a-—12 Sd 2S 9. a’ —3a+2 
fea a= 2 aes Vibe ire = 13. b? — 6b +9 
15. b?+7b-—8 16209°-y— 6 17. y’?+6y—55 
19, 37 — 5y + 6 20. yy’? — 8y + 15 21. 2-147 +45 
2357 —1z = 160 24.9 422p — 35 25... p? pl2p + 27 
Dak 206 100 28) x a tex ot 29, be + 9b 20 
z Bin — ix — 42 32. x? or — 70 33. 5b —b— 20 
5 
: 5, 9 — l4y— 51 36.49 Ve 12 37. p — 49 — 21 
é 
= 
g 39. yy? — 8y + 32 AO. yy? — 97.81 Ato — 200475 
2) 
é 


10. 


14. 


18. 


7404 


26. 


30. 


34. 


38. 


42. 


xt+x-6 


Fee STA 


b? + 8b + 16 


z> — 4z — 45 


2 — 14¢ + 49 


Dp op 2s 


b? + 13b + 40 


b? + 3b — 40 


p? + 16p + 39 


fe) creel 


218 


43. 


46. 


49. 


523 


55. 


58. 


61. 


64. 


67. 


70. 


73. 
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p> + 24p + 63 


x?>+x—-56 


a’ — 7a — 44 


Zz’ — 9z ~ 136 


c’ — 3c — 180 


2+ 19c + 34 


9 


x? + 10x — 75 


D 8p 105 


a’ + 42a — 135 


ae SG ae (2 


gS 


x? — 29x + 100 


44. 


47. 


50. 


53. 


56. 


59. 


62. 


65. 


68. 


71. 


74. 


x? — 15x + 56 


x? + 5x — 36 


a’ — 15a + 36 


z+ 14z — 147 


2 + 152 +44 


c? + llc + 18 


x? — 22x + 112 
b? = 22b + 72 

f= 3p 102 
22 +242 +144 


x? — 10x — 96 


45. 


48. 


Sle 


54. 


57 


60. 


63. 


66. 


69. 


12. 


Tey 


x? + 21x + 38 


a’ — 21a — 72 
a’ —2la +54 
c—c — 90 


p? + 24p + 135 


x? — 4x — 96 
x* + 21x — 100 
a = 9936 
bY = 250126 


x? + 25x + 156 


Loe te 
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Objective Bo 


Factor. 


76. 2x7+6x+4 


79. 


82. 


85. 


88. 


91. 


94. 


OT; 


100. 


103. 


106. 


109. 


12 — 4% — x? 


xy? — 5xy + 6x 


—2a>? — 6a? — 4a 


3x? + 3x — 36 


Gz + 127 — 90 


x Sxy 4 by" 


a? — 15ab + 50b? 


y? — 15yz — 412? 


z4 + 223 — 802” 


2y* — 26y* — 96y* 


a fie + 12K" 


80. 


83. 


86. 


89. 


o2: 


95. 


98. 


101. 


104. 


107. 


110. 


3x? + 15x + 18 


ab? + 2ab — 15a 


xy? + 8xy + 15x 


—3y? + 15y? — 18y 


2x 2x7 + Ax 


2a? + 8a* — 64a 


Ke Axy 12 lye 


x? — 3xy — 28y’ 


y? + 85xy + 3627 


bY 225° 12067 


3y* + 54y? + 135y? 


Any 20Ky = 56y 


78. 


81. 


84. 


87. 


90. 


93. 


96. 


09: 


102. 


105. 


108. 


111. 
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18 + 7x — x? 


ab? + Tab — 8a 


z> — 7z* + 12z 


Ay? + 1 2y? = 72y 


527 — 15z — 140 


3a°> — 9a* — 54a 


a’ — Yab + 20b? 


s? + 2st — 4817 


zi — 1227 + 352? 


Gi i = ND 


—xt — 7x3 + 8x? 


3x?y = 6xy — 45y 
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H126 cl 8e7= 40c 113. BK a OOK o = Ole 114. —4x? — 4x? + 24x 
MP5 Sar Loy 116, Vo = [ey 2 8x4 117. a’? — 13ab + 42b° 
118. y? + 4yz = 212? 119. y? + 8yz + 72? 120: y? =16yz2 + 152 
121, 3x25 60xy = 63y 122.) Any S08xy ce 7 2y 1234130 orig oe 
124. 4x? + 12x” — 160x 125. 42° + 322 — 1132z 126. 52 = 507 120 
127. 4x? + 8x? — 12x 128. 5x? + 30x? +.40x 129. 5p? + 25p — 420 
130. 4p? — 28p — 480 1300 op 4 So: | Sop 132...p° +p +1569" 
133. f — 12ts + 35s? 134. a’ — 10ab + 25D? 135. a’ — 8ab — 33b7 


APPLYING THE CONCEPTS 
Factor. 


136. 2+c?+ 9% 137. %y — 54y —13xy 138. 45a’ + a*b? — 14a’b 


Find all integers k such that the trinomial can be factored over the integers. 


139. x*°+hkx 4+ 35 140. x*°+kx +18 141. x*°+kxe+21 


Determine the positive integer values of k for which the following polynomials 
are factorable over the integers. 


142. y+4y+k 143. 2+ 7z2+k 144. a —6at+k 


RASC crak 146.0%" — 3x hk 147. y’+5y+k 


148. In Exercises 142 to 147, there was the stated requirement that k > 0. If 
k is allowed to be any integer, how many different values of k are pos- 
sible for each polynomial? 
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Factoring Polynomials of the 
Form ax? + bx + ¢ 


& 
Objective A : To factor a trinomial of the form oy 


ax’ + bx + c by using trial factors & 





Trinomials of the form ax* + bx +c, By x ft ag = 3 
where a, b, and c are integers, are 6x? + 2x — 3;a=6 
shown at the right. 


ie 
=— 256 — 5 


These trinomials differ from those in the preceding section in that the coefficient 
of x* is not 1. There are various methods of factoring these trinomials. The 
method described in this objective is factoring polynomials using trial factors. 


To reduce the number of trial factors that must be considered, remember the 
following: 


1. Use the signs of the constant term and the coefficient of x in the trinomial to 
determine the signs of the binomial factors. If the constant term is positive, 
the signs of the binomial factors will be the same as the sign of the coefficient 
of x in the trinomial. If the sign of the constant term is negative, the constant 
terms in the binomials have opposite signs. 


2. If the terms of the trinomial do not have a common factor, then the terms of 
neither of the binomial factors will have a common factor. 


=» Factor: 2x? — 7x + 3 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is negative. The bi- 
nomial constants will be negative. 


Write trial factors. Use the Outer 
and Inner products of FOIL to 
determine the middle term, —7x, 
of the trinomial. 


Write the factors of the trinomial. 


e Factor: 3x? + 14x + 15 


The terms have no common factor. 
The constant term is positive. The 
coefficient of x is positive. The 
binomial constants will be positive. 


Write trial factors. Use the Outer 
and Inner products of FOIL to 
determine the middle term, 14, of 
the trinomial. 





Write the factors of the trinomial. 
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™> Factor: 6x? + 14x? — 12x. 


Factor the GCF, 2x, from the 6x? + 14x? — 12% = 2x(3x? + 7x — 6) 
terms. 


Factor the trinomial. The con- 
stant term is negative. The 
binomial constants will have 
opposite signs. 


Write trial factors. Use the 
Outer and Inner products of 
FOIL to determine the middle 
term, 7x, of the trinomial. 


It is not necessary to test trial 
factors that have a common 
factor. 


Write the factors of the trinomial. 6x? + 14x? — 12x = 2x(x + 3)(3x — 2) 


For this example, all the trial factors were listed. Once the correct factors have 
been found, however, the remaining trial factors can be omitted. For the ex- 
amples and solutions in this text, all trial factors except those that have a com- 
mon factor will be listed. 


cece eee sees eeceeeseseoesses oe 







ai3 oer 0:49.) DROSS eh MO CRED T eM CR Ya eC OT UEC TORSO CRCNICEOU CCT NOC uC emacuC nrc cocina g 


“You Try It 2. 
Factor: - mae 8 lye 12y 








Your solution 





"Factors of ~ ~3: i ree! ns Hate | i WE ee 
Ris Se | | 





= -4x(x + 3)(3x — 1) 


md 


Dre sees 
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Objective B To factor a trinomial of the 


form ax? + bx + c by grouping 





In the preceding objective, trinomials of the form ax? + bx +c were factored 
by using trial factors. In this objective, these trinomials will be factored by 
grouping. 


To factor ax? + bx +c, first find two factors of a -c whose sum is b. Then use 
factoring by grouping to write the factorization of the trinomial. 
> Factor: 2x? + 13x + 15 


Find two positive factors of 30 (2 - 15) whose sum is 13. 


® Once the required sum has been 
found, the remaining factors need 
not be checked. 





Deer Mon 1 = 2 a Bx 10x 5 e Use the factors of 30 whose sum is 
13 to write 13x as 3x + 10x. 
—W2ra, 3x) (10a 5) e Factor by grouping. 


= x(2x + 3) + 5(2x + 3) 
= (2x + 3)(x +5) 


Check your answer. (2x + 3)(x + 5) = 2x? + 10x + 3x + 15 
= 2x? + 13x + 15 


=> Factor: 6x7 — 11x — 10 


Find two factors of —60 [6(—10)] whose sum SEG 





662 — 11x — 10 = 6x? + 4x — 15x'-"10 ° Use the factors of —60 whose 
sum is —11to write —11x as 
4x — 15x. 

= (6x7 + 4x) — (15x, + 10) _ © Factor by grouping. Recall that 
= 2x(3x + 2) — 5(3x + 2) —15x — 10 = —(15x + 10). 


= (3% 4 22% — 2) 


Check your answer. (3x + 2)(2x — Si 04- boxe a = 110 
SS (ne = Ibo ae) 
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=» Factor: 3x? — 2x — 4 


Find two factors of —12 [3(—4)] whose sum is —2. 






3x7 = 24 — 4 is a prime 
_ polynomial. 








L Example 3 
Factor: 2x? + 19x — 10 


Solution 





2x? + 19x — 10 = 2x? — x + 20x — 10 
= (2x? — x) + (20x — 10) 
= 120 — Aer Oe. 1) 
Se cae le) 


“Example 4 
Factor: 24x*y — 7é6xy + 40y 


Solution 
The GCF is 4y. 
24x’y — Toxy + 40y = 4y(6x? — 19x + 10) 





6x? — 19x + 10 = 6x? — 4x — 15x + 10 
= (6x? — 4x) — (15x — 10) 
= 2x(3x.— 2) = 56% = 2) 
=\(34-—12)\ 20 = 5) 


24x*y — Toxy + 40y = 4y(6x? — 19x + 10) 
= 4y(3x — 2)(2x — 5) 





Because no integer factors of —12 have a sum of —2, 3x* — 2x — 4 is nonfac- 
torable over the integers. 


Factor: 2a? + 13a — 7 


Your solution 





oeoeseeececeoeore eee seseeesoceeosseeeoeseeoe ee oeeeeooee eases & 


ou Try It 4 
Factor: 15x? + 40x* — 80x 


Your solution 


Solutions on p. S11 
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5.3 Exercises 


Objective A 
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Factor by using trial factors. 


L 


13. 


172 


21. 


25> 


Zo. 


33. 


2x? + 3x +1 
2a’ —- 3a + 1 
Te oe 
7D face eae 
I2yt Ty al 
Ofte 178d) 4 
Digg O24 


Ta* + 47a — 14 


27271214 


Zee 


26. 


30. 


34. 
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5x7 + 6x #1 


3a? - 4a+1 


4x* — 3x -1 


2¢7 + 5t — 12 


Gy Sy tal 


10¢7 + 11¢ + 3 


Ox? — 13x — 4 


1la* — 54a —-5 


47*+ 5z-6 


11. 


ts. 


19. 


23. 


Zi. 


31. 


35. 


2y? + Ty + 3 
2b? — 116 + 5 
2 ie So 
3p° — 6p + 5. 
62 7174-3 


8x? + 33x + 4 


12° + 19y. 15 


3b = 165 + 16 


3p? + 22p — 16 


12. 


16. 


20. 


24. 


28. 


32. 


36. 


By? + Ty. +2 


3b? = 13b 4 


3x? + 5x -—2 


6p? Sp +4 


9z* + 3z +2 


7x? + 50x + 7 


Sy? — 22y + 8 


6b2 3195 25 


Tp” + 19p 710 
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37. 


41. 


45. 


49. 


53. 


56. 


59. 


62. 


65. 


68. 
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4x? + 6x + 2 


2x? — 11x? + 5x 


327 + 95z + 10 


80y? — 36y + 4 


6x-y —Wixy— 10y 


1677 + 40t — 96 


DOz> +1987 — 924 


14y? + 94y? — 28y 


42a? + 45a* — 27a 


8x Sexy 35by> 


38. 


42. 


46. 


50. 


ie = Bie0e =) 39. 


2x? — 3x? — 5x 43. 


Sah 30 I 47. 


24y* — 24y — 18 51. 


54. 


57. 


60. 


63. 


66. 


69. 


15y7 = S0v 35 


3a*b — 16ab + 16b 


36x — 3x? — 3x° 


82? + 1477 + 3z 


Sx-y — Dixy Oy 


3p 16p 1 5p 


B07 — 872-30 


4yz> + S5yz? — byz 


36p* — 9p? — p* 


Oxy — 24x?y? + oxy? 


55. 


58. 


61. 


64. 


67. 


70. 


‘ 


40. 30y* + 10y — 20 
44, 2a’b — ab — 21b 
48. —2x? + 2x? + 4x 
52. ©6742 3754 1202 
107 =Sr=50 
6p° = Sp? fo 


10y? — 44y? + 16y 


12a? + 14a? — 48a 


9x?y — 30xy? + 25y° 


Oxy 12x + Aky 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Objective B 


Factor by grouping. 
WL. 6x? — 17x + 12 
75. 6a* + 7a — 24 
195 °922p° + 51p — 10 
83. 187 -—9t-—5 
87. 9x7 +12x +4 
91. 33b* + 34b — 35 
95. 15a? + 26a — 21 
O95 8a) lz 15 
103. 10z? — 29z + 10 
107. 3x7 Pay 2y" 


72. 


76. 


80. 


88. 


92: 


96. 


100. 


104. 


108. 
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15x? — 19x + 6 


14a* + 15a — 9 


14p? — 41p + 15 


12¢7 + 28% — 5 


25x? — 30x + 9 


1567 — 435 + 22 


6a? + 23a + 21 


10z? + 3z —4 


15z? — 44z + 32 


6x? + 10xy + 4y’? 


73. 


77. 


81. 


85. 


89. 


93. 


oF. 


101. 


105. 


109. 


5b? 33b — 14 


427+ 112 +6 


8y? + 17y + 9 


Ses N= 


eo = ANS) ae 


18y? — 39y + 20 


Sp — 26y +5 


15x? — 82x + 24 


3627 + 72z + 35 


3a? + 5ab — 2b? 


74. 


78. 


82. 


86. 


90. 


94. 


98. 


102. 


106. 


110. 


227 


8x? — 30x + 25 
627 — 25z + 14 
12y? — 145y + 12 


8b7 + 65b +8 


20b7 9370S 


24y? + Aly + 12 


18y? = 27y + 4 


13z* + 49z — 8 


boz* +82 35 


2a* — Yab + 9b? 


228 Chapter 5 / Factoring 


‘ 
111. > 4y? = 1 lye + 62? 112.0 23? Saye 2 527 113. 28+ 3z-2 114. 15-22 
(No RS ee ee ee ae Seis =e 117.97 soon 60 118, “tox lou 12 
119.. 24x? — 52x 424 120. 60x? + 95x + 20 121. 3523 +90° =ea- 
12 Sar 26a. 1a i232 15> — Isp 70 1245 2500 4.355— 50 
25a = 261) + 35" 126. 4x? + 16xy + 15y? 127, 216) = oy 
128. 360y? + 4y —4 129. 21 207 130. 18 ii 
APPLYING THE CONCEPTS 
131. In your own words, explain how the signs of the last terms of the two 
& binomial factors of a trinomial are determined. 
Factor. 
132. (+1) —@+ 1)=— 6 133.2. — 2) + 36 — 2) 42 134. (y+ 3? -—5(iy + 3)+6 
135, 268-2) 1— Gr 2) = 136. 3(@+ 2)? -—(@+2)-—4 137. 4(y — 1)? — 7 - 1)-2 
Find all integers k such that the trinomial can be factored over the integers. 
138. 2x*+kx +3 139. 2x?+ kx - 3 140. 3x°+kx +2 
141. 3x°+kx -2 1426, Dee kee 143, 2x? +kx —5 
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Special Factoring 


To factor the difference of two 
Squares and perfect-square trinomials 





Recall that the product of the sum and difference of the same terms equals the 
square of the first term minus the square of the second term. 


Sum and difference of two terms Difference of two squares 
(a + b)(a — b) = a’ — pb 
This suggests that the difference of two squares can be factored as 
a—b’=(a+b)(a—b) 


Note that the polynomial x* + y’ is the sum of two squares. The sum of two 
squares is nonfactorable over the integers. 


m> Factor: x” — 16 


Te OTA) (A)? e Write x’ — 16 as the difference 
= (x + 4)(x — 4) of two squares. Then factor. 





Check: (x + 4)(x — 4) =x? — 4x + 4x -— 16 


=x? — 16 
=> Factor: 8x° — 18x 
Oe ho aa) © The GCF is 2x. 
= 2x[(2x)* — 37] © Factor the difference of two squares. 


=a Ohta) (2X, = 98) 
You should check the factorization. 
=> Factor’x”? — 10 
Because 10 cannot be written as the square of an integer, x* — 10 is nonfac- 


torable over the integers. 


Recall from an earlier discussion the pattern for finding the square of a binomial. 
The result is a perfect-square trinomial. 


The Square of a Binomial 


(a+ b)? = (a+ b\(a + b) = a? + ab+ ab+ bb? 
= a’? + 2ab+ b? 





Square of the first term J 
Twice the product of the two terms 


Square of the last term 











This pattern is used to factor a perfect-square trinomial. 
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| 


eecce eee ee oe eee oe oe ee tee eee 


Example 1 
Faetor6x” 7 


Solution 


= Factor: 4x? — 20x + 25 


Because the first and last terms are squares [(2x)* = 4x?; 5° = 25], try to factor 
this as the square of a binomial. Check the factorization. 


Agi 2025 = (2) 


Check: (2x — 5)? = (2x)? + 2(2x)(—5) + 5? 
= 4x* — 20x + 25 e The factorization is correct. 


Ax? = 20x 25% (299 — 5)? 


=~ Factor: 4x? + 37x + 9 


Because the first and last terms are squares [(2x)* = 4x’; 3* = 9], try to factor 
this as the square of a binomial. Check the proposed factorization. 


4x? + 37x + 9 = (2x + 3)’ 


Check: (2x + 3)? = (2x)? + 2(2x)(3) + 3? 
= 477+ 12x + 9 


Because 4x? + 12x + 9 4 4x* + 37x + 9, the proposed factorization is not 
correct. In this case, the polynomial is not a perfect-square trinomial. It 
may, however, still factor. In fact, 4x? + 37x + 9 = (4x + 1)(x + 9). 


Rae Try lt 1 


Factor: 25a’ — b? 


Your solution 


16x? — y? = (4x)? — y? = (4x + y)(4x — y) 


eeeeseee ee eee eee eee ere eee ee 


Example 2 
Factor: z* — 16 


Solution 


i Try It 2 


Factor: n* — 81 


Your solution 


Bala (Cy = Ait Ae? 4) 


=(z0 + 4)ig = 2?) 


= (7? + 4)(z + 2)(z — 2) 


eee eee e eres e ees e seers esreeve 


Factor: 9x? — 30x + 25 


Solution 
On? = (3x)?, 25 = (5) 






SORTS, SHON CE RAG SHOLCNSESR ON ah .8 8 Cey 68 Tele oie eM, a s0recah eile) ie Tel (e./¢ nere\ie @d.8) 9) a\\01n0) 0 \\n\/e)-eifah e/'ehiei ol aletal ialte ee ime viel etsiievaran a reitaiemelairanene 


© You Try It 3 
Factor: 16y? + 8y + 1 


Your solution 


On? = 30x £25 = Gx = 5)? 


Check: (3x — 5)? = (3x)* + 2(3x)(—5) + 5? 
= 9x? — 30x + 25 


Solutions on p. S12 
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SUPMS CSN, (0 (9) 8 08 16) 0.0.0 (6 0) 6.0 1 0/0 10: 8 6 61d 1016 1616S HL CKe 1B OLS) (6 (618101018 [ee wlerere © 


| Example 4 You Try It 4 
Factor: 9x? + 40x + 16 Factor: x* + 15x + 36 
~ Solution Your solution 


Because 9x? = (3x)?, 16 = 47, and | > 

40x ¥ 2(3x)(4), the trinomial is not < 
a perfect-square trinomial. 

Try to factor by another method. 

9x? + 40x + 16 = (9x + 4)(x + 4) 


CREEL Shire! (ote ets S106 RC iM ATO a SES ee eee Mie Keble e ce telen sia ser esse ecSUVueMe «)/9 11) eve e:/6(-e)/01e oye eles) ele (ey eielene rh lei sisaeiua tere Velie vecenoib ecielrecone ve wield ianerseliaale 


Example 5 You Try It 5 
Factor: (r + 2)? — 4 Factor: (x? — 6x + 9) — y’ 
Solution Your solution 


C4 (2) — 27 
= (r+2+42)(r+2-2) 
=r(r+ 4) 


Solutions on p. S12 





| Pee © To factor completely 





= Factor: z? + 4z7 — 9z — 36 


3 4 47? — 97 — 36 = (z? + 427) — (9z + 36) ¢ Factor by grouping. Recall that 
3 : : : ee —9z — 36 = —(9z + 36). 
3 hice ph 4) 

= 2(z + 4) — %z + 4) ez +4z7°=2zz+ 

ee 9z + 36 = 9(z + 4) 
= (z + 4)(z* — 9) ¢ Factor out the common binomial 

factor (z + 4). 

=(z + 4)(z + 3)(z — 3) ¢ Factor the difference of squares. 


Solutions on p. S12 


eececeesneoeeosoecesre oe ee eer eeaeseeseoeseee 
eee eee rere eee ee eec reser eee ereseseee , 


5 


x) + 28x” — 120x 


eee err ere er a ee ee oe ee ar eae UC aL eb ee 


ab — 7a —b +7 


. Erie : ; . 
° COE ICNOROECIC 


Vee sees errr rere reeee 


Your solution 


HYou Try It 7 
cto 


a 
f 
5 


ide pat ba . Se 
ee ee 
(wee ee 


3 ae . 


etTalze (eke) 


a 
Ls ia 
7 
rh 
ooee 
rr j 
Rae 
Pe 


, 


a bn dene eo eS 
ee ba ee 64 Ne-yo oe 
Pei ee eu ee aia 


r ) -¢ 
tenes 


hy 529 


ca 


° 


. oF Mi x i ss wae he i 2 aan adioier 
= ’ ~ iSight Dy Tit le mail tite® iy er “+ ON 
be 


et ee. ae ‘gen we dae 


ed a, hhh ee 


; 


Ee pies 


4.2? 


a 


bas 


is 
. 


= 


* 


8 — 3x2 — Ae $12 


wea- 25 Pee “oe Se 
Petty tee = 
eee eee ee el; 
eg ep a ey ee 
«ee Din <a “? 
<< ae . nt 
‘ r in os pe ee 


. 
. 


Factor by grouping. 


Solution 


Factor 
Solution 


“Example 8 


oC i 


ey? + Ida? + 99? = 


"Example 7 


ieee See eee ee eee eee were erence eee e entree ees enes 


ie 
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5.4 Exercises 


Objective A 


it: 


15; 


19. 


23. 


OG fe 


on. 


35. 


Provide an example of (a) a binomial that is the difference of two squares 


and (b) a perfect-square trinomial. 


Explain why a binomial that is the sum of two squares is nonfactorable 
over the integers. 


Factor. 


x? -— 4 


Wan Pa 


4x? — 1 


x? + 8x — 16 


4a? +4a+1 


1 — 64x? 


9a? + 6a + 1 


4a* — 20a + 25 


2520 = 


12, 


16. 


20. 


24. 


28. 


32. 


36. 


Se) 

y? + 14y + 49 
Ox 16 
Zz? — 18z — 81 


25x? + 10x + 1 


t? + 36 


4b? + 28b + 49 


ee 


13. 


17. 


Zi. 


25: 


29. 


S35. 


Whe 


Section 5.4 / Special Factoring 233 


a— 8l 
a—2at+1 
x® -—9 


x? + Qxy +4? 


Ox? — 1 


x? + 64 


b* — 16a? 


Qa? — 42a + 49 


a’b* — 25 


10. 


14. 


18. 


22. 


26. 


30. 


34. 


38. 


a’ — 49 
Ke = WORE 
yr—4 


x? + 6xy + Dy? 


1 — 49x? 


64a° = loa tal 


16b7 + 8b +1 


9x? — 16y? 


16 — xy? 
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39, 25x? - 1 40. 25a? + 30ab + 9b? 
42. 49x? + 28xy + 4y? 43. 4y? — 36vz + 812’ 
1 9 sty 
455 4 46. -; — 16 47. 9a°*b? — 6ab +1 


Objective B 





Factor. 

49. 8y?-2 50. 12n? — 48 

52. 4rs*-— 4rs +r 53) ne 256 

55. 9x7 + 13x + 4 56. x? + 10x + 16 
58. 36c* = 48c* + 16c? 59) y°— 81 

61. 25 — 20p + 4p? 6200 Or 4a een? 
64. (2x + 5)? — 25 65. (x? -— 4x 4+ 4) - y’ 


51. 


54. 


57; 


60. 


63. 


66. 


‘ 


41. 4a’? — 12ab + 9b? 


44, 64y? — 48yz + 92? 


48. 16x’y? — 24xy + 9 


3a? + 6a? + 3a 


81-fr 


l6y* + 48y? + 36y? 


aos 2 


(4x — 3)? — y? 


(4x? + 12x + 9) — 4y? 
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67. 


70. 


13: 


76. 


Tey 


82. 


85. 


88. 


91. 


94. 


OT. 


100. 


5x7 = 5 


y? — 10y? + 25y 


5b* + 75b + 180 


5a? —- 30a + 4 


x? — 6x? — 5x 


3y? — 147 


Ky = TKy — By" 


16x = 32xy- 12y* 


a’b? — 10ab? + 25b? 


2x3y — 7x*y? + 6xy° 


243 + 3a’ 


24x3 — 66x? + 15x 


68. 


71. 


74. 


as 


80. 


83. 


86. 


89. 


92. 


95. 


98. 


101. 


2x? — 18 


x? + 2x? — 35x? 


6y? — 48y + 72 


2x’y + 1é6xy — 66y 


GP aisle OTN 


20a? +12a+1 


a’b? + 3a*b — 88a? 


50 — 2x? 


a’b? + 6ab? + 9b? 


12a* — 12a? + 3a 


75 + 27; 


4a? + 20a? + 25a 
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69. 


12. 


oe 


78. 


81. 


84. 


87. 


90. 


93. 


96. 


99. 


102. 


x? + 4x? + 4x 


a* — 11a® + 24a? 


3a? + 36a + 10 


3a*b + 21ab — 54b 


3y? — 36 


12a” — 36a + 27 


Oa? —Sabe—also- 


72 — 2 


12a*b — a*b* — ab’ 


18a? + 24a? + 8a 


12a* — 46a? + 40a 


2a? — 8a*b + 8ab? 
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103. 27a’*b — 18ab + 3b 104. a’*b? — bab? + 9b? 105. 48 — 12x — 6x’ 
LOGe 2 tei 107. 3% 108. b'—a’b’ 
109. 18a* + 24a’ + 8a 110. 32xy? — 48xy + 18x 111. 26+ ab —6ab 
P12 ye 113. 4x* — 38x? + 48x7 114, 3x0 = 274 
SSNS on 116. y> — 9y 1173 a 16 
Piss 5<°y- — 13x y° — 20x*y* 119. 45y? — 42y? — 24y% 120. a(2x — 2) + b(2x — 2) 
121. 4a(x — 3) — 2b(x — 3) 122. «(x — 2) —(% = 2) 123. y@—b)—@—Bb) 
124. a(x? — 4) + d(x’ — 4) 125. x(a’ — b’) —-y@ — b’) 126. 4(x — 5) — x*(x — 5) 
APPLYING THE CONCEPTS 
Find all integers k such that the trinomial is a perfect-square trinomial. 
127. 4x7 -kx + 9 128. x°+6x+k 129. 64x? + kxy + y’ 
305g 2k Sie 25 ke | 132. x7 +10x+k 


133. Select any odd integer greater than 1, square it, and then subtract 1. Is 
«the result evenly divisible by 8? Prove that this procedure always pro- 
“duces a number divisible by 8. (Suggestion: Any odd integer greater than 

1 can be expressed as 2n + 1, where n is a natural number.) 
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Objective A 





Section 5.5 / Solving Equations 237 





Solving Equations 


To solve equations by factoring 





The Multiplication Property of Zero states that the product of a number and zero 
is zero. This property is stated below. 


If a is areal number, thena:0=0-a=0. 
Now consider x -y = 0. For this to be a true equation, then either x = 0 or 


y=0. 


Principle of Zero Products 


If the product of two factors is zero, then at least one of the factors must be zero. 


Ifa: b=0,thena=Oorb=0. 





The Principle of Zero Products is used to solve some equations. 


=m Solve: (x — 2)(x — 3) =0 


(Mee 23) al) 


2 eo) ¢ Let each factor equal zero (the 
Principle of Zero Products). 
x=2 x= 3 ¢ Rewrite each equation in the form 


variable = constant. 





Check: 
(4 = 2)(% —3)=0 CH= 2k 3) =0 
Dies) a0 (Six=22)(Ga ot 0 
Oe 0 (1)(0) | O 
0=0 0=0 
A true equation A true equation 


The solutions are 2 and 3. 


An equation of the form ax’ + bx +c =0,a #0, isa 3x7 + 2x F1=0 
quadratic equation. A quadratic equation is in stan- 
dard form when the polynomial is in descending order Ax? — 3x +2=0 


and equal to zero. The quadratic equations at the right 
are in standard form. 
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\ 
=p Solve: 2x? + x = 6 
2x7 + x= 6 
2 +x — 6 = 0 e Write the equation in standard form. 
(Qx 53) Careez) == 0 ° Factor. 
253 — 0 x 42 == e Use the Principle of Zero Products. 
2x =3 Kia) © Rewrite each equation in the form 
3 variable = constant. 
BG = 
2 


Check: : and —2 check as solutions. 


, 3) 
The solutions are 5 and =2. 









eo eee erro eos oeeeeeesesoe eee oes ere eseee ee ese see eee eee eo 


You Try It 1 


ee oceer eee se eee see eee eseseoeseee eos eoneereeeeeeeeeeee 


xample 1 
Solve: x(x — 3) = 0 Solve: 2x(x + 7) =0 
Solution Your solution 
ale = 3) = 0 
x=0 Ki 1310 
x=3 


The solutions are 0 and 3. 






eeceeececece eee ee eases e roe eee esereeeree eee eeooeeeereeeeeoe et} eeseeeosere se ose e rere oeeoeeeeeneeoeseeeseeee eee eee eee eee 





xample 2 You Try It 2 
Solve: 2x? — 50 = 0 Solve: 4x? - 9 =0 
Solution Your solution 
2x? — 50 =0 
2(x? — 25) =0 
2 + De =D), = 0 
x+5=0 Ki 5 = 0 
x=-5 x=5 


The solutions are —5 and 5. 





ale 8 0 60 6 6 0 ee 80 6 0 0 6 0 2 6 lc6 «0 6 0 6 «| ms 6 6 @ 60) © 0 sw ies) bie se) eo 6 6) 6 


You Try It 3 
Solve: (@ +12)(% = 7) = 52 


Solution Your solution 
(eo 3) a= 10jp= = 10 
x? — 13x + 30 = —10 @ Multiply (x — 3)(x — 10). 








x — 13x + 40=0 © Add 10 to each side of 
(ee Sie 5) 10 the equation. The equation 
x—-8=0 x —5=0 is now in standard form. 
x=8 x=5 


The solutions are 8 and 5. 


Solutions on p. S12 
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Objective B 


eeeeeeeeee eee eres eee eeseeeeereseeeseeeeereseeeseeeeeeeos 


Example 4 

The sum of the squares of two 
consecutive positive even integers is 
equal to 100. Find the two integers. 


Strategy 
First positive even integer: n 
Second positive even integer: n + 2 


The sum of the square of the first 
positive even integer and the square of 
the second positive even integer is 100. 


Solution 
n> +(n + 2 = 100 
n> +n?+ 4n + 4= 100 


2n? + 4n + 4 = 100 
2n? + 4n — 96 = 0 
2(n? + 2n — 48) =0 
2(n — 6)(n + 8) =0 


n—-6=0 n+8 
n=6 n 


ll Il 
| © 
[e) 


Because —8 is not a positive even integer, 
it is not a solution. 


n=6 
n+2=6+2=8 


The two integers are 6 and 8. 


eoeeee 


To solve application problems 


: 
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oe eee rere eee eee eee eee sees eoeseeeseeereseseeereese eee eee se © 


You Try It 4 

The sum of the squares of two consecutive 
positive integers is 61. Find the two 
integers. 






eB 


Your strategy 


Your solution 


Solution on p. S12 
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“ Example 5 ‘ You Try It 5 
A stone is thrown into a well with an The length of a rectangle is 4 in. longer than 
initial speed of 4 ft/s. The well is 420 ft deep. twice the width. The area of the rectangle is 
How many seconds later will the 96 in. Find the length and width of the 
stone hit the bottom of the well? Use the rectangle. 


equation d = vt + 16f*, where d is the distance 
in feet that the stone travels in t seconds when 
its initial speed is v feet per second. 


Strategy Your strategy 
To find the time for the stone to drop to the 

bottom of the well, replace the variables d and 

v by their given values and solve for f. 


Solution Your solution 
d=vt + 16f? 
420 = 4t + 16?? 
0 = —420 + 4¢ + 162? 
0 = 16¢7 + 4t — 420 
0 = 4(47 +t — 105) 
0 = 4(4t + 21)(t — 5) 


4t+21=0 t=): = 0 
4t = -21 t=5 
Meat 
4 


Because the time cannot be a negative number, 


Die : 
—7 is not a solution. 


The time is 5 s. 


Solution on p. S12 
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5.5 Exercises 


Objective A 


- 
Bil. 


3; 


i, 


18, 


19; 


Za 


99 


St, 


20. 


39. 


43. 


= 0, 





Solve. 


(y + 3)(y + 2) =0 


x(x -5)=0 


y(2y + 3) =0 


(b + 2)(b — 5) =0 


4x? — 49 =0 


x7 + 6x +8=0 


2a* —- 9a —-5 =0 


x? — 3x =0 


a+5a=-4 


27+ 7t=4 


x(x — 12) = -27 


4. 


12. 


16. 


20. 


24. 


28. 


32. 


40. 


44. 


2. Fill in the blanks. If (x + 5)(2x — 7) = 0, then 


CDG 3) = 0 


x(x + 2)=0 


t(4t — 7) =0 


(b — 8)(b + 3) =0 


16x? -1=0 


x? — 8 +15=0 


3a° + 14a +8=0 


a’ — 5a=0 
a — 5a = 24 
3° +t=10 
ei sf? 


53 


13. 


Wh 


ZA. 


25. 


P42} 


33. 


ok 


41. 


45. 


Section 5.5 / Solving Equations 


In your own words, explain the Principle of Zero Products. 


= 0or 


(7 —"7)\(Z-"3) = 0 


ala — 9) =0 
2a(3a — 2) =0 
x? — 81=0 
9 — 10 


7 +5z-14=0 


627+ 5z+1=0 


x = 14=0 

y’? —-5y = -6 
3? — 13t = —4 
yi = 7) =els 


10. 


14. 


18. 


22. 


26. 


30. 


34. 


38. 


42. 


46. 


241 


(z + 8)(z — 9) =0 


a(a + 12)=0 


4b(2b + 5) =0 


x? — 121 =0 


16x* — 49 =0 


2+2z2-72=0 


6y? — 19y + 15 =0 


2a’ — 8a =0 


ee eS 


57 =a16r = 12 


y(y + 8) =-15 


242 


47. 


51. 


55; 


58. 
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ppt+3)=-2 48. p(p—1)=20 49. y(y + 4) =45 50. 
KK 3) == 28 52.. p(p — 14) eS 53. (x + 8)(x — 3) =—30 54. 
(z— 5)(z + 4) =52 56. (z— 8)(z +4) =—35 57. 


(a+ 3)(a+ 4) =72 59. (a-4)@+7)=—18 60. 


Objective B Application Problems 





61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


The square of a positive number is six more than five times the positive 
number. Find the number. 


The square of a negative number is fifteen more than twice the negative 
number. Find the number. 


The sum of two numbers is six. The sum of the squares of the two num- 
bers is twenty. Find the two numbers. 


The sum of two numbers is eight. The sum of the squares of the two num- 
bers is thirty-four. Find the two numbers. 


The sum of the squares of two consecutive positive integers is forty-one. 
Find the two integers. 


The sum of the squares of two consecutive positive even integers is one 


_ hundred. Find the two integers. 


The sum of two numbers is ten. The product of the two numbers is 
twenty-one. Find the two numbers. 


The sum of two numbers is thirteen. The product of the two numbers is 
forty. Find the two numbers. 


XS 


WWE 16 


(x +4)(x -1)=14 


(z — 6)(z + 1) = —10 


(24-25) (4 4 at 
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wn 


The formula S = 





gives the sum, S, of the first m natural numbers. Use 


this formula for Exercises 69 and 70. 


69. How many consecutive natural numbers beginning with 1 will give a sum 
of 78? 


70. How many consecutive natural numbers beginning with 1 will give a sum 
or i712 


t—t 
2 


scheduled in a league with ¢ teams if each team is to play every other team 
once. Use this formula for Exercises 71 and 72. 


The formula N = 





gives the number, N, of football games that must be 


71. How many teams are in a league that schedules 15 games in such a way 
that each team plays every other team once? 


72. How many teams are in a league that schedules 45 games in such a way 
that each team plays every other team once? 


The distance, s, in feet, that an object will fall (neglecting air resistance) in 
t seconds is given by s = vt + 16¢*, where v is the initial velocity of the object 
in feet per second. Use this formula for Exercises 73 and 74. 


73. An object is released from the top of a building 192 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds later 
will the object hit the ground? 


74. An object is released from the top of a building 320 ft high. The initial 
velocity is 16 ft/s, and air resistance is neglected. How many seconds later 
will the object hit the ground? 


The height, /, in feet, an object will attain (neglecting air resistance) in ¢ seconds 
is given by h = vt — 16f*, where v is the initial velocity of the object in feet per 
second. Use this formula for Exercises 75 and 76. 


75. A golf ball is thrown onto a cement surface and rebounds straight up. The 
initial velocity of the rebound is 60 ft/s. How many seconds later will the 
golf ball return to the ground? 


76. A foul ball leaves a bat and travels straight up with an initial velocity of 
64 ft/s. How many seconds later will the ball be 64 ft above the ground? 


77. The length of a rectangle is 5 in. more than twice its width. Its area is 
75 in?. Find the length and width of the rectangle. 
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78. 


79. 


80. 


81. 


82. 
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The width of a rectangle is 5 ft less than the length. The area of the rec- 
tangle is 176 ft?. Find the length and width of the rectangle. 


The height of a triangle is 4 m more than twice the length of the base. The 
area of the triangle is 35 m’. Find the height of the triangle. 


The length of each side of a square is extended 5 in. The area of the result- 
ing square is 64 in’. Find the length of a side of the original square. 


The page of a book measures 6 in. by 9 in. A uniform border around the 
page leaves 28 in’ for type. What are the dimensions of the type area? 


A small garden measures 8 ft by 10 ft. A uniform border around the gar- 
den increases the total area to 143 ft?. What is the width of the border? 


The radius of a circle is increased by 3 in.; this increases the area by 
100 in*. Find the radius of the original circle. Round to the nearest 
hundredth. 


A circle has a radius of 10 in. Find the increase in area that occurs when 
the radius is increased by 2 in. Round to the nearest hundredth. 


APPLYING THE CONCEPTS 


85. Explain the error made in solving the equa- (4 2)4 —3)b=6 
© tion at the right. Solve the equation correctly. KAD SG, eat 

“A x=4 x=9 
86. Explain the error made in solving the equa- x = % 
wi tion at the right. Solve the equation correctly. ee i 

ice ater 

x=1 

87. Find 3n’? ifn(n + 5) = —4. 
88. Find 2n’ ifn(n + 3) =4. 
Solve. 
89. 2y(y + 4) =—5(y + 3) 90. (b+ 5) = 16 
91. p> =9p 92. Go 3) (2x AGB Sx)(S= Bx) 
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G Focus on Problem Solving 


Making a Sometimes a table can be used in organizing information so that it is in a useful 
Table form. In the chapter Solving Equations we used tables in the applications, to 
organize the data. Tables are also useful in applications that require you to find 

all possible combinations for a given situation. 


A basketball player scored 11 points in a game. The player can score 1 point for 
making a free throw, 2 points for making a field goal within the three-point line, 
and 3 points for making a field goal outside the three-point line. Find the pos- 
sible combinations in which the player could have scored 11 points. 


The following table lists the possible combinations for scoring 11 points. 





There are 16 possible ways in which the basketball player could have scored 
11 points. 


1. A football team scores 17 points. A touchdown counts as 6 points, 
an extra point as | point, a field goal as 3 points, and a safety as 
2 points. Find the possible combinations in which the team can 
score 17 points. Remember that the number of extra points can- 
not exceed the number of touchdowns scored. 


2. Repeat Exercise 1. Assume that no safety was scored. 


3. Repeat Exercise 1. Assume that no safety was scored and that the 
team scored two field goals. 


4. Find the number of possible combinations of nickels, dimes, and 
quarters that one might get when receiving $.85 in change. 


5. Repeat Exercise 4. Assume no combination contains coins that 
could be exchanged for a larger coin. That is, the combination of 
three quarters and two nickels would not be allowed, because the 
two nickels could be exchanged for a dime. 


6. Find the number of possible combinations of $1, $5, $10, and $20 
bills that one might get when receiving $33 in change. 
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eo Projects and Group Activities 


Evaluating A graphing calculator can be used to evaluate a polynomial. To illustrate the 

Polynomials Using method, consider the polynomial 2x* — 3x” + 4x — 7. The keystrokes below are 

a Graphing for a TI-83 Plus calculator, but the keystrokes for other calculators will closely 
Calculator follow these keystrokes. 


i 


Press the key. You will see a Enter the polynomial as follows. The 
screen similar to the one below. Press key is used to enter an exponent. 


i e 
to erase any expression next 2 (Ktea) (713-3 Rte] 244 
fae [KTin] —7 





— OO oo 
|TAKE NOTE | \Yi BE 2X43-3XA24UX-7 









_ Once the polynomial has | 

been entered in Y1, ' 
there are several 
methods to evaluate it. 
We will show just one 
option. 





To evaluate the polynomial when x = 3, first return to what is called the HOME 
screen by pressing QUIT. 






Enter the following keystrokes. Sample 
screens are shown at the right. 


(1) 3 [STOs] [KTH] [ENTER] 
(2) [VARS] [5] [ENTER] 
(3) [ENTER] 

(4) [ENTER] 


The value of the polynomial when 
x = 3 is.32. 


VARS p@avalaey 


Function... 
2: Parametric... 






To evaluate the polynomial at a different value of x, repeat Steps 1 through 4. For 
instance, to evaluate the polynomial when x = —4, we would have 


(1) (S)) 4 SOs) ETA] [ENTER] 
(2) [VARS] [5] [ENTER] 

(3) [ENTER] 

(4) (ENTER) 


The value of the polynomial when 
x= —4is —199, 


VARS Reales} 


Function... 
2: Parametric... 






FUNCTION 
1: 1 


Here are some practice exercises. 
Evaluate for the given value. 

1. 2° — 34 4+. 7:4 =4 2. 3x7 + 7x — 12;x% = =3 
3. 34° = 24° 6% — Sx = 3 4. 2x° + 4x? -x-2:x=2 
5. x* — 3x3 + 6x? + 5x —-1:x =2 6. 0-22 + 2x —7T:x% = -4 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Projects and Group Activities 247 


Search the At the address http://www.utm.edu/research/primes/mersenne.shtml, you can 
World Wide Web find the history, theorems, and lists of Mersenne Primes. When 2” — 1 is prime, 
it is said to be a Mersenne Prime. An interesting note is that the 25th and 26th 
Mersenne Primes were found by high school students Laura Nickel and Curt 
Noll. In 2000, the largest known Mersenne Prime had more than 2 million dig- 


its. Nayan Hajratwala, the person who found this prime, received $50,000 for 
his efforts. 


te 


es, 


Would you like to find the answer to questions such as these? 


SaaS ale lta aber 


What are perfect numbers and how are they used? 

Is zero a prime number, a composite number, or neither? 

What is the difference between zero and nothing? 

When something is divided by zero, why is the answer undefined? 
What is infinity plus one? 

Is infinity positive or negative? 


These and many other questions are answered at the address 


http://mathforum.org/dr.math/ 


The answers to these questions are presented in a clever and interesting fashion. 
The answer to the question “What is the purpose of the number zero?” is given 
below. 


The invention of zero was one of the most important breakthroughs in the history of 
civilization. More important, in my opinion, than the invention of the wheel. I think 
that it’s a fairly deep concept. 


One crucial purpose that zero holds is as a placeholder in our system of notation. When 
we write the number 408, we're really using a shorthand notation. What we really 
mean by 408 is “4 times 100, plus 0 times 10, plus 8 times 1.” Without the number zero, 
we wouldn't be able to tell the numbers 408, 48, 480, 408,000, and 4800 apart. So yes, 


zero is important. 


Another crucial role that zero plays in mathematics is that of an “additive identity ele- 
ment.” What this means is that when you add zero to any number, you get the number 
that you started with. For instance, 5 + 0 = 5. That may seem obvious and trivial, but 
it’s actually quite important to have such a number. For instance, when you're manip- 
ulating some numerical quantity and you want to change its form but not its value, you 
might add some fancy version of zero to it, like this: 


I yt eee yet Day Dey 
=H + oxy + ye — Dry 
= (x + yy? — dxy 


Now if we wanted to, we could use this as a proof that (x + y)’ is always greater than 
2xy; the expression we started with was positive, so the one we ended up with must be 
positive, too. Therefore, subtracting 2xy from (x + y)* must leave us with a positive 
number. Neat stuff.* 


*Ask Dr. Math. Copyright © 1994-1997 The Math Forum. Used by permission. 
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Key Words 


Essential Rules 


\ 

The Internet is a good source for the history of and interesting facts about math- 
ematical concepts. You can use the address 
http:/;www-groups.dcs.st-and.ac.uk/~history/HistTopics/Prime_numbers.html 
to find the history of prime numbers. This web address also contains a list of 
unsolved problems on prime numbers. 
There is an online mathematics dictionary at the address 

http://www.math.com/school/glossary/glossindex.html 


This site contains several hundred mathematical definitions as well as an online 
glossary of technical notation. 


Chapter Summary 


The greatest common factor (GCF) of two or more monomials is the product of : 


the GCF of the coefficients and the common variable factors. |p. 207] 


To factor a polynomial means to write the polynomial as a product of other : 


polynomials. [p. 207] 


To factor a trinomial of the form ax? + bx + c means to express the trinomial as : 


the product of two binomials. [p. 213] 


A polynomial that does not factor using only integers is nonfactorable over the < 


integers. [p. 214] 


An equation of the form ax? + bx +c =0 is a quadratic equation. A quadratic : 
equation is in standard form when the polynomial is in descending order and : 
equal to zero. The quadratic equation ax? + bx + c =0 is in standard form. : 


ipe237 
Sum and Difference of Two Terms = Difference of Two Squares [p. 229] 
(a + b)(a — b) - a> — b? 
Square of a Binomial = Perfect-Square Trinomial [p. 229] 
(a + by’ = a’ + 2ab + b? 
Principle of Zero Products [p. 237] 
If the product of two factors is zero, then Ifa-b=0, then 
at least one of the factors must be zero. a=Oorb=0. 


General Factoring Strategy [p. 231] 
1. Is there a common factor? If so, factor out the common factor. 


2. Is the polynomial the difference of two perfect squares? If so, fac- 
tor. 


3. Is the polynomial a perfect-square trinomial? If so, factor. 


4. Is the polynomial a trinomial that is the product of two binomials? If so 
factor. 


J 


5. Does the polynomial contain four terms? If so, try factoring by 
grouping. 


6. Is each binomial factor a prime polynomial over the integers? If 
not, factor. 
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11. 


1s. 


15. 


17. 


e Chapter Review 


Factor: b? — 13b + 30 


Factor 2x” — 5x + 6 by using trial factors. 


Factor: 14y? — 49y° + 7y3 


Factor 6x” — 29x + 28 by using trial factors. 


Factor: a® — 100 


Factor 12y* + 16y — 3 by using trial factors. 


Factor: 9y* — 252? 


Factor 18a? — 3a — 10 by grouping. 


Factor: 4x? — 20x? — 24x 


10. 


12. 


14. 


16. 


18. 


Chapter Review 249 


PF Actons4 (Xx = 95)0 (Si) 


Factor: 5x? + 10x? + 35x 


Factory = yi 36 


Factor: 12a*b + 3ab? 


Factor: n* — 2n? — 3n? 


Factor: 12b? — 58b* + 56b 


Factor: c? + 8c + 12 


Solve: 4x? + 27x =7 


Factor: 3a” — 15a — 42 


250 Chapter 5 / Factoring 


19. Factor 2a* — 19a — 60 by grouping. 20° “Solve +1) a) 6 

2). Pactors2 lac —35b— 9 \Oby 6ay 22 actor av. 

2358 Factor, 10x -- 25x > 4xy > 10y DE Maeve arg —— 3h" 

2oahactor 3% —. 36x +108 26. Factor 3x? — 17x + 10 by grouping. 


27. The length of a hockey field is 20 yd less than twice the width of the 
hockey field. The area of the hockey field is 6000 yd’. Find the length and 
width of the hockey field. 


28. The size, S, of an image from a slide projector depends on the distance, 
d, of the screen from the projector and is given by S = d’. Find the distance 
between the projector and the screen when the size of the picture is 400 ft?. 


29. A rectangular photograph has dimensions 15 in. by 12 in. A picture frame 
around the photograph increases the total area to 270 in?. What is the width 
of the frame? 


30. The length of each side of a square garden plot is extended 4 ft. The area of 
the resulting square is 576 ft’. Find the length of a side of the original 
garden plot. 
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11. 


13. 


o Chapter Test 


Factor: ab + 6a — 3b — 18 2. 
Factor 8x* + 20x — 48 by grouping. 4, 
Factor: a* — 19a + 48 6. 
actor 4 4. 2x — 15 8. 
Bacto 5x°— 45% — 15 10. 
Solve: x(x — 8) = —15 12; 
Factor: b* — 16 14. 


Chapter Test 251 


Factor: 2y* — 14y? — 16y? 


Factor 6x? + 19x + 8 by using trial factors. 


Factor: 6x? — 8x? + 10x 


Solve: 4x7 — 1 =0 


Factor: p? + 12p + 36 


Factor: 3x7 + 12xy + 12y* 


Factor 6x’y* + 9xy? + 3y? by grouping. 


252 


15. 


17. 


19. 


ZL 


23. 


24. 


25. 


Chapter 5 / Factoring 


Pactor.g + 5pe-6 


Factor, <(p + 1):— (+ 1) 


Factor 2x”? + 4x — 5 by using trial factors. 


Factor: 4a? — 12ab + 9b? 


Solve: (2a — 3)(a + 7) =0 


16. 


18. 


20. 


222 


Factor: a(x — 2) + b(x — 2) 


Factor: 3a? — 75 


Factor: x? — 9x — 36 


Factor: 4x* — 49y? 


The sum of two numbers is ten. The sum of the squares of the two numbers 


is fifty-eight. Find the two numbers. 


The length of a rectangle is 3 cm longer than twice its width. The area of the 
rectangle is 90 cm’. Find the length and width of the rectangle. 
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11. 


13. 


15. 


we 


eo Cumulative Review 


Subtract: —2 — (—3) — 5 — (-11) 


Evaluate —2a* + (2b) — c whena = —4 
b =2,andc = -1. 


Simplify: —2[4x — 2(3 — 2x) — 8x] 





Solve: 3x — 2 = 12 — 5x 


120% of what number is 54? 


Sunpuyce 4 12)(4 — 9x14) 


Simplify: (x~4y3)? 


Factor: 15xy*? — 20xy* 


Ractorep — 9p — 10 


, 


10. 


12. 


14. 


16. 


18. 


Cumulative Review 253 


Simplify: (3 — 7)? + (—2) — 3: (—4) 


Simplify: -= (20:2) 


Solve: =2 + 4[3x — 2(4 — x) — 3] =4x 4+ 2 


Simplify: (—3a*b?)? 


Simplify: (8x? + 4« — 3) + (2x — 3) 


Factor: 3a — 3b — ax + bx 


Factor x” — Say 14y- 


Factor: 18a* + 57a* + 30a 


254 


19. 


Zi: 


23: 


Zo. 


26. 


27. 


28. 


22: 


30. 


Chapter 5 / Factoring 


Factor: 36a? — 49b? 20. Factor: 4x? + 28xy + 49y’ 
Factor: 9x? + 15x — 14 22. Factor: 18x° = 48xy + 32y* 
Pactom3yG@— 3) 2G. 3) 24. Solve: 3x? + 19x — 14=0 


A board 10 ft long is cut into two pieces. Four times the length of the 
shorter piece is 2 ft less than three times the length of the longer piece. Find 
the length of each piece. 


A stereo that regularly sells for $165 is on sale for $99. Find the discount 
rate. Use the formula S = R — rR. 


Given that lines ¢, and ¢, are parallel, find 
the measures of angles a and b. b, 
ee 


7, 


A family drove to a resort at an average speed of 42 mph and later returned 
over the same road at an average speed of 56 mph. Find the distance to the 
resort if the total driving time was 7 h. 


Find three consecutive even integers such that five times the middle integer 
is twelve more than twice the sum of the first and third integers. 


The length of the base of a triangle is three times the height. The area of the 
triangle is 24 in?. Find the length of the base of the triangle. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 





Chapter Rational Expressions 


Section 6.1 


A To simplify a rational expression 
B To multiply rational expressions 
C To divide rational expressions 


Section 6.2 


A To find the least common munis eo ao 
two or more polynomials 


B_ To express two fractions in terms of the Lem 
of their denominators 


Section 6.3 


A To add or subtract rational expressions with 
the same denominators a ; 
B To add or subtract rational expressions Ww ho aa 
different denominators : nee 








Section 6.4 

A To simplify a complex fraction — 
Section 6.5 ae . ea eae In order to monitor species that are or are becoming 
endangered, scientists need to determine the present 

win population of that species. Scientists catch and tag a certain 
Section 6.6 sites A number of the animals and then release them. Later, a group 
bias sity 3 of the animals from that same habitat is caught and the 
number tagged is counted. A proportion is used to estimate 
the total population size in that region, as shown in 
Exercises 26 and 27 on page 290. Tracking the tagged 


A To solve an equation containing fractions 


A To solve a proportion 
B_ To solve application problems 
C To solve problems involving similar 


triangles adie : 
pad a animals also assists scientists in learning more about the 
Section 6.7 habits of that species. 
A To solve a literal equation for one of the 
variables 
Section 6.8 


A To solve work problems 
B. To solve uniform motion problems 


xX Need help? For online student resources, such as section 
quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 


COC eC Te aCe eC eC ar Jer cei eC aCe Oar OCC CO CACR aCe SOUT C1351) CC tA LE PE) Tl 1 






Cay 


1. Find the least common multiple (LCM) of 12 2. Simplify: oe 3x2yt 
Vand 18: 
asks eas io ee Sas 
3 Submaey lee 4. Divide: ties 
Siw 
valid is a nonzero number, are the following 6. Solve: 3° Si = % 
te 0 
- two quantities equal: 3 and 5? 
. Line 1, is parallel to line /,. Find the measure of angle a. p 
50 Z 
a 
4; 
8. Factor: x? — 4x — 12 9. Factor: 2x? — x — 3 


. At 9:00 AM, Anthony begins jogging on a park trail at a rate of 9 ft/min. Ten 
_ minutes later his sister Jean begins the same trail jogging in pursuit of her 
brother at a rate of 12 ft/min. At what time will Jean catch up to Anthony? 





A mouse begins at corner A of a 12 ft by 12 ft square maze traveling clock- 
wise at a constant speed of 2 feet per second. Six seconds later a second 
mouse starts from the same corner A and travels clockwise at a constant 


speed of 3 feet per second. How far apart are the two mice 18 seconds after 
the second mouse begins? 
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Multiplication and Division of 
Rational Expressions 


Objective A : To simplify a rational expression 


A fraction in which the numerator or de- 

nominator is a polynomial is called a ra- - 5 aaa Sern al 
tional expression. Examples of rational Ze 2 Ae Ay? +41 
expressions are shown at the right. 








Care must be exercised with a rational expression to ensure that when the vari- 
ables are replaced with numbers, the resulting denominator is not zero. 


Consider the rational expression at the 4x? — 9 
right. The value of x cannot be 3 because 6 
the denominator would then be zero. 4(3)2?-9 27 Notareal 


SOLO ae number 


A rational expression is in simplest form when the numerator and denominator 
have no common factors. The Multiplication Property of One is used to write a 
rational expression in simplest form. 











x? -— 4 
= Simplify: —————— 
pay ie a ee = S 
x2 - 4 , (Cee A478 se 72) e Factor the numerator and 
x7>-2x-8 («-— 4) + 2) denominator. 
MAE D xt 2 ae 
We he 
HD) © The restrictions, x + —2 or 4, are 
=m ae Teak a oye necessary to prevent division 
; by zero. 


This simplification is usually shown with slashes through the common factors. 
The last simplification would be shown as 














1 
fo ee ea eat 2) ¢ Factor the numerator and 
x —2x-8 (x - 4+) denominator. 
1 
2) © Divide by the common factors. The 
= 4’ Rese =e restrictions, x ~ —2 or 4, are necessary 
~ 9 to prevent division by zero. 
10 + 3x — x? 
- Simplity: ———, mnaio 
Eh x = 405 
10+ 3x—x2 —(x? — 3x — 10) ¢ Because the coefficient of x’ in the 
des) a SS numerator is —1, factor —1 from the 
numerator. 
sie) Factor th tor and denominat 
= ¢ Factor the numerator and denominator. 
Oe | 
Sie + 1) 
% 2 
tierce ee al 
rae 


258 Chapter 6 / Rational Expressions 
\ 


For the remaining examples, we will omit the restrictions on the variables that 
prevent division by zero and assume the values of the variables are such that divi- 
sion by zero is not possible. 











eee PS ee ie vineenli i ei aa iis aN 5 « 0h ee tet dies 
Simplify: ae Simplify: ce 
Solution Your solution 
4x?y* _ 2y* © Use rules of 
6x4 3x exponents. 
GR Re eas ae Ee oe ce | cbip dR oinaie ee oie Oe ee, aes eee , 
Simplify: ~~. Simplify: “a 
Solution Your solution 
9-2 G-BG+x)_ x43 
x?+x- 12 G—3)(x + 4) x+4 
: ue 5 AM Ast RA Ree this TSA Giaeulec esi Waremen’ i a eu : i ~igw 4 pmiat helntee aan ael woes ee eee emenEee 
Simplify: tase Simplify: te 
Solution Your solution 


1 
Wie hie Ae ONGe sO) nie HID 
x? — 7x +12 G—3)(x — 4) x-4 





Solutions on p. S13 





Objective B To multiply rational expressions 


The product of two fractions is a fraction whose numerator is the product of the 
numerators of the two fractions and whose denominator is the product of the 
denominators of the two fractions. 


Rule for Multiplying Fractions 


aC ac 











It and 5 are fractions andb#+0,d+40, then . ‘i = bd’ 
2 8s 3x 2 _ Ox c42.. 3 3x 4 
Bes alo eae HZ x #£-2 x? — 2 
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Eee Kate SXenn it 5x. 4.4, 
2 eA 4 ye = 3 


x? + 3x fi eae 4 
x*—3x-—4 x74 2x — 3 














x(x + 3) é (= Ae 1) ¢ Factor the numerator and 
(x-4)a~%+1) @+3)@-1) denominator of each fraction. 
1 il 1 
Ke 3) —-A  —_T) © Multiply. Then divide by the 
(e—Fj(x + 1)(2+-3} (xt) common factors. 
1 1 1 
eee ¢ Write the answer in simplest 
BO ie ah form. 
© You Try It 4 
iO ae 3x22 Simplify: 12x? + 3x 8x -— 12 
= 38) 20%. 25 Pet) EhOg tee TOR EELS 
Solution Your solution 


10x7-—15x 3x-2 
= 8- 20x = 95 

m2 5) (3% -—=.2) 

PAGr =o) Sia = '5) 


1 1 
= Bil 2x —"3)3x—Z2) ts x( 2% —*3) 
4Bx—2)3(4x =o) 4(4xn = 5) 


Example 5 "You Try It 5 


er+x-6 x 4+3x-4 : x? +2x-15 x*-—3x-18 

i ify; <5 SM Simplify; —————. - —-—_—_ 

ee ae ie 4 eae ip aa a Py ney 
Solution Your solution 


x+x-6 ings ok iA 
PLign ie.) 42x 

pas a 2) a A = 1) 
(«+ 3)\x4+4) 2-x)(24+2x) 
Get Sele le — 1) 


G+ HQ—H)2 + x) x+2 





Solutions on p. S13 
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To divide rational expressions 


The reciprocal of a fraction is a 
fraction with the numerator and 
denominator interchanged. 


Rule for Dividing Fractions 


Divide fractions by multiplying the dividend 


by the reciprocal of the divisor. 








Fraction 














\ 
a b 
b a 
2 1G 1 : 
KS a Reciprocal 
1 x 
58 ap 2 BG 
x Eg I 








j@ ee eee ewe ee eer ee rere sr eee eseeeeseeeeeeseee eee ee ees areeceoer esi} coeoeereeosese se eos eros eee ese eesresesreoeeeeeseseseesreoese 


Solution 


xy? = 3x?y 





2 








xy? — 3x*y 


Cow 
: ree b 6b 
The basis for the division & . =—=— 
rule is shown at the right. ae 
dad ad 
You Try It 6 
6x? — 2xy a 
+ : Simplify; —————- + 
ie ply Abc? — 2b’c 
Your solution 
MOK ray 
Sarees 
ai see 
6x7 Dixy 
ve YZ 


| ADAIR i VIL YYSESCCIBIEC “ONO CO") OSCR, ONOMCC CRC TSCBCSMG UR CLC a OAC SU SAC CCG EOSCPOMCICIURG  SIOQM i Pei ear CCC ACEO CHK UCT OREO COR LCT LCACRONO curtthon cin OO OA Sad 


IYou Try It 7 





Simplify: 


Se eae Ss 16 





>_ Tx — 6 


Your solution 





"Example 7 
Simplily: > 2x7 + 5x + 2 | Chie ce iicge ae 
7+ 3x-2 2x? + 7x — 4 
Solution 
Dros ee. Ok elon 
2x7 + 3x -2 2x7 + 7x —4 
2x7 + 5x +2 2x7 + 7x — 4 





Tse) 3x2 ieee 


_ Ox + De +27 Ox Te 4 
(Qx—Tlx+-2) - (3x + Da+4y 


De rt || 





3x =t ih 


aid 
_bc_ad 

1 eG 
pee SPOS: 
6bc — 3b? 

2x7 + 9x — 5 





of ae Page 


Solutions on p. S13 
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6.1 Exercises 
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Simplify. 
9x? ri 16x*y : (x + 3)? F (2x — 1)° 
122 ~ 24xy3 "(x + 3)  "Qx= 1/7 
Sore — 4. = 273 - 
7. n 8. See SI Syly 2) 10. Zale o) 
3/1 jubgee. 3) Ovely +2) ISG) 
6 =) 14x7(7 - 3 74+ 4 a2 
11. eae! 12, 2a = 3x) 13, 2 14 Rie: 
Cro — x) Dle(3% ef) ab + 4b Zia 
4 — 6x Say — Oy Ve yp are 2 Laas Some 6 
5 SS See 1 ere ie SSS ee 
= BV a Su Oo = 15% y? — 4y + 3 ae Oe F715 
ke 10 Ga has ie seg i tO ee O 
SSS i eS 21h =e 2 
ee x? +2x-8 = a+ 6a-—7 : x*- 6x +9 x? — 2x — 24 
= pe 4-¥° 2x3 + 2x? — Ax 3x3 — 12x 
aia 10 2 aia etal 3. ——_— 2 : 
2 Dax yey tO LO Ke 3K Ox 24° + 24x 
O 
E 
S 
§ a De On + 4 x? + 3x — 28 
ie 283. ——_- ——_ 29. 
2 Oreos — 6 De = By = MN 5G — ie 
© 
e 
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Objective B 





Simplify. 


30. 


32. 


34. 


36. 


38. 


40. 


42. 


44. 


46. 


Cs 
Oy? 4x3 


12x*y* 14a%b* 
Tae 9K? 








3 = © pO = 40 
Sia One ee 4. 


Sere 24y ye 
Dy stayin Ok Ht 2x* 








7+ 5x*4+4 cae 
xy" x? +2x4+1 
ny x? — 49 





x? +3x—28 xy* 


2p ok PLO ye 
2xy +y 5x? — 2x7 


a = 2A ae Ox Te 
x-5x%-6 x7+6x+8 


ited oom okra gl s 
x? +4x-21 x7 +9x4+ 18 


31. 


33. 


35. 


37. 


39; 


41. 


43. 


45. 


47. 


14a*b*  25x°*y 
15x°y?  16ab 








18a*b* 50x°y° 
Dory 2100" 





Sx 12 42 ae 2h 
14x +7 32x — 48 





AK 36 BOY F500: 
2by + 5b 4ax — 3a 


Aaa ee ey 
ave x7 + 5x +6 





eye x> + 2x - 3 


x: Ieee 30 Kye 


3a? + 4a? ] 3b? — 5ab? 
Sab —-— 3b 3a7+ 4a 


x? -—8x+7 x?4+3x—- 10 
x?+3x-4 x?-—9x+4+ 14 


yty-20 y+ 4y-21 
y +2y—15 y? + 3y — 28 
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x -—3x-4 +?4+5x+6 

















ERY, Sie a lg ad SLE 
x +6x+5 8+ 2% — x? 
12x? -— 6x 2x* + 10x3 
BOE 
x + 6x $5 Vax? 1 
16+ 6x—-—x* x?-— 6x —-27 
B20 1s 
x? — 10x —24 x?-— 17x + 72 
es Domne A 
54. 2x Sx +2 x 1x —-30 


2x7 ++ 7x +3 x* — 6x — 40 


Objective C 


Section 6.1 / Multiplication and Division of Rational Expressions 


49. 


51. 


53. 


55: 


© 56. What is the reciprocal of a rational expression? 


e, 57. Explain how to divide rational expressions. 




















Simplify. 
4x’*y> Oxy 
ae 15a’b? Sab? 
60. 6xe— 12 ile = BO 
8x + 32 10x + 40 
6x2 + 7x? = 6x? + Tx 
62. : 
12% —3 36x — 9 
+4443 x7 +2x4+1 
64. : : : 
x’y xy 
x7 — 491 x — 14x 4+ 49 
66. ae . Te 
x4y x*y 


59. 


61. 


63. 


65. 


67. 


263 


25 -n’ Bie cul = 740. 
n?—-2n—-35 n*—3n—- 10 


8x? + 4x? Pate) 
x? -—3x+2 16x? +4+ 8x 


Re Shee lO 
x?-— 13x +42 20-x-x’ 





me em thee UE a 
x? — 8x — 48 3x? — 22x - 16 








Oh in ee a 
16a‘b? 14a" 
28x +14 14x +7 


ASP= 30 1300220 








5a’°y + 3a* 10ay + 6a 

2x3 + 5x? = 6x? + 15x? 
aye xy" 

x2—-3x-10 x?-x-20 
coe aye 








Pie a 10 
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dax — 8a | 2y — xy 3x’y = Oxy Bae 




















SS te 08. ere 

= Seen oe ORE ar SS oy x? + 3x —- 40 . x* + 2x — 48 
" x7-—9x+18 x? — 9x + 20 "x2 4+2x-35 x?4+ 3x — 18 

7 te oa cee 2 ae Wy “BG. oy yg ae 
“ x?- 4-45 x? — 5x — 36 " 'y? + Sy 47 xy? = dy —5 

a4 Sieh hit = Le 28 ap x*>-x-2 We eee 
“ x7+7%xe+10 x?-—x - 42 "xy? — Ix +10 40 — 3x — x 

76 Oe ee 20) Re We ae Gn F136: en at 2 
" 2x? - 7x - 30 4x74 12x +9 ‘ 4n? — 9 4n? — J 


APPLYING THE CONCEPTS 


9 
78. Given the expression aa choose some values of x and evaluate the 
x 


, expression for those values. Is it possible to choose a value of x for which 
the value of the expression is greater than 10? If so, what is that value of 
x? If not, explain why it is not possible. 





79. Given the expression —— 3" choose some values of y and evaluate the 


, expression for those values. Is it possible to choose a value of y for which 
the value of the expression is greater than 10,000,000? If so, what is that 
value of y? If not, explain why it is not possible. 


Write in simplest form the ratio of the shaded area of the figure to the total area of the figure. 


80. 81. 


cs 


Complete each simplification. 











ark 
82. on ? = e a ? = — = 2 
os : Soe eer ap Sa aa ee a 
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6 a) Expressing Fractions in Terms of the 
i Least Common Multiple (LCM) 


4075.5 To find the least common multiple _ ar 


(LCM) of two or more polynomials ee) 








The least common multiple (LCM) of two or more numbers is the smallest 
number that contains the prime factorization of each number. 


The LCM of 12 and 18 is 36 because 36 con- LQ 29253 
tains the prime factors of 12 and the prime 18 =2-3°3 


factors of 18. Factors of 12 


SAS 
LCM =36 = 252.3593 
eee 2S 
Factors of 18 


The least common multiple of two or more polynomials is the polynomial of 
least degree that contains the factors of each polynomial. 


To find the LCM of two or more polynomials, first factor each polynomial com- 


pletely. The LCM is the product of each factor the greatest number of times it 
occurs in any one factorization. 


»» Find the LCM of 4x2 + 4x and x? + 2x + 1. 





| The LCM must contain The LCM of the polyno- 4x? + 4x = 4x + 1) =2-2-x@ + 1) 

= See wpe mials is the product of elk eee) 

_ po ynomial. snown ; i 

_ with the braces at the i ce LCM a the Oe Factors of 4x? + 4x 

| Tight, the LCM contains fet eee, LCM = 2:2 -x@ + D@ + 1) = 4x + Ie +1 
_ the factors of 4x? + 4x each variable factor the cs ee) \ M ) 
_ and the factors of greatest number of Factors ofa 2x | 


times it occurs in any 
one factorization. 


Example 1 Be Try It 1 

Find the LCM of 4x’y and 6xy’. Find the LCM of 8uv? and 12uw. 
Solution Your solution 

4x*y =2-2-x 


By oy 
Ory — 2 3-47 -¥ 
LCM =2-2-3-x-x-y-y = 12x*y" 


Example 2 fa Try It 2 
Find the LCM of x? — x — 6 and 9 — x’. Find the LCM of m? — 6m + 9 and 
m — 2m — 3. 


Solution Your solution 
mx 06 = (x — 3)@ + 2) 
9 — 47 =--(" — 9) = —@ + 3)@ — 3) 


LCM = —3y)e + 2)@ + 3) 
Solutions on p. S13 
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To express two fractions in terms 
of the LCM of their denominators 





When adding and subtracting fractions, it is frequently necessary to express two 
or more fractions in terms of a common denominator. This common denomina- 
tor is the LCM of the denominators of the fractions. 


ge se I 


=> Write the fractions 


denominators. 


Find the LCM of the 
denominators. 


For each fraction, mul- 
tiply the numerator 
and the denominator 
by the factors whose 
product with the de- 
nominator is the LCM. 


ee ecese oes eer eee ee ee eeeeeeeeeeeeeeeeeeseeseseeseoeeeeesese 


Example 3 


x 4 2 = 1 
32 an 








Write the fractions in 
8xy 


terms of the LCM of the denominators. 


Solution 
The LCM is 24x’y. 


KAD M2 By — Bxy 7 16y 

















a 3x? By Ay 
sg 8 re: peas 
8xy Say. 23% 24x°y 
Example 4 
ise ==) 
Write the fractions ss 5 ee in 
Dae = 5 Ko se Se 6) 


terms of the LCM of the denominators. 














Solution 

Die Dee Al are ae! 

2x = 2) x? — 2x 

The LCM is x —=:2)(% +3). 

PL ioe AGN 0 aa) ier cay ee 2x7 + 5x -—3 

2x — x? aa = 2)) 3 x(x — 2)(x + 3) 
x x x se 


ae = 6 Giada) wm See 





53 = 8) 


api ee in terms of the LCM of the 
Hie 


and 


The LCM is 12x?(x — 2). 


bea! Bre 2) eee 


4x? ss Ax® B(x — 2) 12x?(x — 2) 
Sg ee Ze. 2x? — 6x LCM 
6x2 —~12x  6x(x — 2) 2x 12x2(x — 2) 


CC CC 





© You Try It 3 
Samed x t+ 
Write the fractions > and —— 37 in terms 
Axy 9y*Z 
of the LCM of the denominators. 
Your solution 
/You Try It 4 
x 4 2x 
Write the fractions ———————— and ————— 
a 3s ee eae 


in terms of the LCM of the denominators. 


Your solution 


Solutions on p. S13 
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Section 6.2 / Expressing Fractions in Terms of the Least Common Multiple (LCM) 


6.2 Exercises 


Objective A 


Find the LCM of the expressions. 


ie 


13. 


16. 


19. 


22. 


25: 


28. 


31. 


8x*y De 


12x97 


8x? 6. 


4x? + 8x 


9x(x + 2) 10. 


12(x + 2)? 


Ce) (445.2) 
(Ge 1) Ge .3) 


aye 2) 
Co): 


x7>-x-6 
x*>+x-12 


x? — 10x + 21 
x? — 8x + 15 


x? — 7x — 30 
x? — 5x — 24 


2x* — 9x + 10 
2x? +x —- 15 


5+ 4x — x’ 
= 5 
oe ar Sl 


6ab? 3. 
18ab?* 
6y? ae 
Ay + 12 
8x?(x — 1) Lite 
10x3(x — 1) 
14. (2x— 1)(« + 4) 
(2%, 1 ie ee) 
ils, ge = It 
56 = 2 
(eq lx 2) 
20. x? + 3x — 10 
x? + 5x - 14 
23. x? — 2x — 24 
x? — 36 
26. 2x* — 7x + 3 
2x7 +x-1 
29. 6+x-x 
Ze ap PD 
= 8 
32. x?+ 3x -— 18 
Bhie= x 
Ge ae © 


10x*y? 
15a y 


2x’y 
3x? + 12x 


3x + 3 
2x? + 4x +2 


{3: 


18. 


PATE 


24. 


Bile 


30. 


33. 


267 

4. 12a’b 

18ab* 
8. 4xy’ 

6xy* + 12y? 
12544 — 12 

2x? — 12x + 18 

(2x + 3) 


(2-3) Ge) 


(eA) (ae ) 
Kate 
gue 


x? +5x+4 
x? — 3x — 28 


x? + 7x + 10 
x? — 25 


3x? — 11x + 6 
Bact 4e = 4 


15 + 2x — x’ 
Rar 3 
x? -— 5x + 6 


il = 36 
nO 
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\ 
Objective B 
Write each fraction in terms of the LCM of the denominators. 
4 3 © Nee 
B44 SS 35 — == 867 = 
Me 2 ab?’ ab 3y”’ 4y 
By eel y 6 a 6 
37. =, , — 38. ———_ 7 > 39, 
6x?’ Oxy x(x — 3)’ x’ yr yy +5) 
9 6 a’ a 3 5 
40. ; 41. ; AZ 1 Sa 
(x — 1)?’ x(x — 1) yy + 7) (y + 7/7 x— 3'x3 -x) 
2 5) 3 2 
43. cae me 44, S a Ss. SS = SS 
yy — 4) 4 —y (= 5)? 5 =x 1 =e 2 
3 4 2 3 se = 2D x 
46. Ss he 48. ; 
Bienes 2 ae “ ey ee a oe 4 
x > e+e 3 x 3x 4 
EY» —SS _ SS 1. ; 
2x -1’x+4 a xetx—-2’x+2 ° x— 5’ x? -—25 
oe Ds j= I XL 
52. ———_.,  —] eee 
er+x-6 x-9 2 x? + 2x —15' x? + 6x45 
APPLYING THE CONCEPTS 
54. When is the LCM of two expressions equal to their product? 
Y 
Write each expression in terms of the LCM of the denominators. 
8 9 2 x x El. aexutel 1 
Dp ener 56. 3. an 57. 5 4 a 
103’ 105 n Pes] a (=) (aa eet antl 
pee SS ae oe 1 1 
6c? + 7cd + d?’ 3c? — 3d? "ab + 3a — 3b — b? ab + 3a + 3b + Bb? 
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Addition and Subtraction of 
Rational Expressions 


6 @ 3 
Objective A To add or subtract rational 


expressions with the same denominators 





When adding rational expressions in which the denominators are the same, add 
the numerators. The denominator of the sum is the common denominator. 


Rule for Adding Fractions 


ao 6 
b 


g e aie 
La and 5 are fractions and b ¥ 0, then b os oe 





Sx, Ix oy Sue (Eee 2 Ds 











1s te” | Ms ime bes 
: Note that the sum 
? a 2 = S oa a is written in sim- 
eile Nal. oS (x — D)G@+T) x—1 plest form. 


When subtracting rational expressions with like denominators, subtract the 
numerators. The denominator of the difference is the common denominator. 
Write the answer in simplest form. 


1 


2% 4 Dien pllirae) 











a a 5 = 
5 a ee i eres ae x—2 
Bi ee ae Dik eal eC? a) ae 
Be oe AL a a ot A 5 iol Mey ae 0 ee 
1 
x4 (x—4) 1 








ey at ee 1) ae 











Example 1 Fee Try It 1 ; : 

: : eee x+4 P Ys DE Ht 7x + 
Simplify: oar a wea Simplify: ate io pas 
Solution Your solution 

3x" Kee A sx la A) 

“2-1 x? -1 x? - 1 
Wess ie Seen 
et 


_ Gr Aetty _3x-4 
G-Dery x-1 





Solution on p. S14 
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\ 
amen bi Try It 2 
Simplify: Simplify: 
2x? +5 a x? — 3x xX x—-2 x? -1 - 2x +1 a x 
xe+2x-3 x7 +2x-3 x*4+2x-3 give Bede vo Bx 12 ae = Sx 2 
Solution Your solution 
2x7 +5 x? — 3x x-2 
Pak: SRLS Ee EAE A 
Re ae ee = 3) ae oe Dee a Bh ee ae Pe = 
nO eer Rei 2) 
x? + 2x - 3 
PO ey ea eae 
x? + 2x - 3 ‘ 


il 
eee eee) eed 
x? +2x-3 (x-+ 3}(x — 1) x= 1 





Solution on p. S14 


Objective B _ To add or subtract rational 


expressions with different denominators 


Before two fractions with unlike denominators can be added or subtracted, each 
fraction must be expressed in terms of a common denominator. This common 
denominator is the LCM of the denominators of the fractions. 








p= 3 6 
» Simplify: + 
ety mo De) OS 
The LCM is x(@ — 2)(« + 2). e Find the LCM of the denominators. 
oe ® 6 f= 8 sD 6 x © Write each 











+ =e se gee 
x?—2x x*7-4 x(x-2) x+2 (—-2)x4+2) x fraction in 
terms of the 








LCM. 

Bea 26 i 6x ¢ Multiply the factors 
x(x — 2)(x +2) x(x — 2)(x + 2) in the numerator. 
(x? — x — 6) + 6x 

= RG DG 2) e Add the fractions. 

ek 
Xe — 2)Girt 2) 

_ (x + 6) - 1) 


K(x — 2G =D) 


The last step is to factor the numerator to determine whether there are com- 
mon factors in the numerator and denominator. For this example, there are 
no common factors, so the answer is in simplest form. 
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Example 3 (eis Try It 3 
: tee AY -3y Az SZ 
Simplify: — — = + = Bod i eGy bie Sera ee 
rae Che TONS A Simplify: ¢ 3y y 4y 
Solution Your solution 


The LCM of the denominators is 12x. 
iene 2 i A 8) 3 
Merron ean ag 2 By A Ae og 
iD 
I Ne 


V2 ee ID 
x gi ley Oy ay 


















































12x 12 
ae 4 he: Try It 4 
Dx 5 5x 3 
Simplify: = Simplify: 

Nee gear ss MDD oes 2-x 
Solution Your solution 
Remember 3 — x = —(x — 3). 

5 5 =5 
Therefore, = = J 
Se Pg eRe 
DK i 5) ee he - =5 
go Sy Sk ee ee 8 
a ee 2S 
ge 3 fe 3 
fe 5 “You Try It 5 

: 4 i Cimphae 4x 9 
ees © aot a. oy eae 
Solution Your solution 
he LCMMHs(2% — 3)\4+-1: 

Lx S 1 
Dig == By 39 se Al 
2k se 1 7 1 : Die == 3 
“we =3 xt+1 x+1 2x-3 
2x? + 2x 2x — 3 


SOrs sel) Or = G41) 

Ox 2) Qe —-3) 2 42k — 2x + 3 
Pere Ge a SG 4) 
2x? + 3 
08 = 3@ +1) 





Solutions on p.S14 
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' Example 6 
3 
Simplify: 1 + e 


Solution 
The LCM is x?. 





ecco ese oe eos e rss see esses seer eeeseeeeeseoeeeos 





; : Ca es) 3 
Simplify: Soren esis ate at 











Solution 
The LCM is (x — 4)(@ + 2). 
3 == 
Reta ea 
eS 3 
Pres.) 4 Shy 
Bede eae NSse see) 
Cae 2 a4 
eer mae. 
CSAs 2 xe 2 
Pare (3) a2) 


BAR Ce Dy. 8 Ae) 
Ck) Dae ee) ee) 























(<a 4 Ce 2) 
PN Gta res Oe 2 10. ’ == = 8} 
(x-4)(x+2) @-4)@+4+2) 
/Example 8 
Bx 3 
Sinplity. = = 
puplity De x= 1 ei eed 
Solution 
The LCM is Qx + 1)( = 1). 
3x + 2 it 3 bs 4 
2x7 -x-1 2x4+1 x«-1I1 
Sx 2 3 B= 1 
(Dior lx at De 2 ee ee eh 
Sue ar 7 Se = 3 


TOP NG) Ore he) 
(Bi) oe 2 3) (Ox) 
Qo thio) 





ta Try It 6 


ete 1 
Simplify: 2 eee 


Your solution 





ual 4. pave 6) 6) eo) eb ec. 010) 0X6: 616) 618 © Slo 1616 © [Oe S019 O88) PN STOO Lee) w 16 10,6) 08.8) 6) 8 Tee eae ess ee ere 


“You Try It 7 
d 4 Dg = (\ 2 
Simplify: = — Sepie ea 








x 


Your solution 


ibe Try It 8 








Dp 
Simplify: ———————_ = 
ets Ler ee ana ReEIRCS Oh x-1 


Your solution 


40) 2 
ola el 
8x + 4 
(2x + 1)@ — 1) 








pe Cana, Oe eT Oe 8x + 9 


Qn 4 DG 1) sie ie ae 


Solutions on p. S14 
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6.3 Exercises 
Objective A | 
Simplify. 
oe gr 6 2. Lae 
i ap ap “ x+4 x+4 
5 ee ee | eae 
x+6 x+6 " 2xn+3 2x +3 ' 4y+1 4y4+1 
7 x1 Sx +6 8 Ago she = @ 9 Sie = Il 3x + 4 
“ x-3 x-3 | 26-7) = 7 " x9 2 x49 
I er = Bie Noe Axe 3 2n Sn — 3 
10. 11. PAs 
Xa lOn eal Dye ae Dre se 7 sn +4 3H +4 
é 3 6 
13. =~ : a : 
x+2x-15 x74+2x-15 x eax — 10 44 3x = 10 
= 3x.- 1 2x = 7 
15. Pe ae 8 = = 2 Ve eee a 
x?>-x-30 x*-x-30 x+5x-6 x+5x-6 
4y + 7 Ne) 18 eet! baa 
Ade 22 +Ty-4 2y’+7W-4 28? — 5x — 12. 2x? — 5x — 12 
= 2x? + 3x 2x* — 3 Arie | 
a Sh x?—-9x+20 x*-9x% +20 x?- 9x + 20 
g 
& 
£ 
s 
2 2x? + 3x x? — 3x 4+ 21 x—-7 
Pacem ere 2 63 | le Ss 63 
© 
g 
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\ 
_ Objective B_ 
21. Explain the process of writing equivalent rational expressions with 
© the LCM of the denominators of the rational expressions as the new 
~~4 denominator. 
22. Explain the process of adding rational expressions with different 
© denominators. 
Simplify. 
4 12 5 
se Se 24. eee 2. —-=— 
NAY. a 0 Se BON, 
5 3 1 5 7. i 11 8 
260 — a EE ee Seah 
3a 4a 2x AX OX 4y by 3y 
S) 2 3 6 3 2 2 te 3 1 
2 30. —=+—-— 34." 222 Bee ee 
Bre 2) 2X yay Sy x 2 Sx 4y 
5 7 2 3 Del ax = 1 Ax = 3 elt eS 
, 2 oe 
2a- 3b, 1b Aa oe 3x 5x ae 6x Ax 
Ma Se et Dit Oo itis 2x + Dx ES 
35. $ 36. a a 
6x 8x 2% 3x oe 9x Se 
oye 2 3 Ke gA SHES bre 
38. 39. = a 
12y 18y 2x m a aK x 
oe NO) Me een | LA See ie | 4 
41. oF 42. a = 
Ax? 2x 3x. 2% Bi ee en 
1 Ki Gog. =| 
44. 2x+- Ce 
: ea oa 
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47. 


50. 


5: 


56. 


59. 


62. 


65. 


68. 


Keo! ae 
6x 8x? 








Atte « 2x4 1 


2 





3x*y Axy 


aie Taex 5 


2 


6y* Oxy 





=. J's 
x OG ES 








BG 2 
+ ——— 
Se == ee AE 6) 





2a 5 
+ 
a= ta 











+ 
y16 y—4 


Gi 2) 
@ +2)" 
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48. 


SL. 


54. 


Die 


60. 


63. 


66. 


69. 
































sae 2, Bee =D 
xy xy 
Beit 7 493 
6xy? 8x’y 
4 5 
—— + 
Ke ots 
eee a 
Vee Om yaaa) 
4x v 5 
ee = I 5 (6) 
Ax 5 
+ 
j= = 
DE 3 
x—-x-6 x+2 
AG EG 
+ 
1 = x’ ! 1% 


49. 


2: 


55. 


58. 


61. 


64. 


67. 


70. 


Bx-1 x +3 
we xy 








Cea oan Tl 
8x? 12xy 











+ 
gS 3 fea Al 








6x 3 


a2 5 Vek 3} 














+ 
xv-9 x -3 


(eee 
(x + 1) 


4 
SmAy te 5 
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\ 
— 2a+3 2 
71. a - os 72. — = = 
x?—10x+25 x-5 a—7at+12 a-3 
73 x+4 3 74 x+3 ” 2 : 
* x27 -—x-42 T-x * x7-—3x-10 5-x 
1 x 5x —2 x 3 lix —8 
a + == 
A. x +1 x — 6 x7 — 5x — 6 z0 x—-—4 x+5 x*+x-—20 
- = . 4x + 1 3x + 2 49x + 4 
77. ax tl. x if eu 78. \ ae x = 
Fem Al eS x — 4x + 3 x-8 x+4 x- — 4x — 32 
2x+9 x+5 2x74+3x-3 3x +5 x+1 4¢°-3x-1 
. 80. a a ye ge RE RTEE 
i? a x ‘J x+7 2«7+4*- 21 x+5 2-—-x x°+3x-10 


APPLYING THE CONCEPTS 


81. Suppose that you drive about 12,000 mi per year and that the cost of gaso- 
line averages $1.60 per gallon. 


a. Let x represent the number of miles per gallon your car gets. Write a 
variable expression for the amount you spend on gasoline in 1 year. 

b. Write and simplify a variable expression for the amount of money you 
will save each year if you can increase your gas mileage by 5 miles 
per gallon. 

c. If you currently get 25 mi per gallon and you increase your gas mileage 
by 5 miles per gallon, how much will you save in 1 year? 


82. A recommended percent of oxygen (by volume) in the air that a deep-sea 
660 


diver breathes is given by 
= ~ d+ 33 





, Where d is the depth, in feet, at which the 
diver is working. 


a. What is the recommended percent (to the nearest percent) of oxygen 
for a diver working at a depth of 50 ft? 

b. As the depth of the diver increases, does the recommended amount of 
oxygen increase or decrease? 

c. At sea level, the oxygen content of air is approximately 21%. Is this less 
than or more than the recommended amount of oxygen for a diver 
working at the water's surface? 
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Complex Fractions 

















Objective A To simplify a complex fraction 
Point of interest A complex fraction is a fraction ren J es 
There are many instances of whose numerator or denominator ‘us x pe 
comples Wactions in contains one or more fractions. Ex- 47 ae 1 
application problems, The amples of complex fractions are a 5 iis a ag BYE 
fraction — a — is used to shown at the right. 
ig te 4 
dcHesnine the total resistance = ae 
in cestain eectsic Gress. ™» Simplify: 
1+— 
x 
The LCM of x and x? is x’. * Find the LCM of the denominators of the 
fractions in the numerator and denominator. 
] — td | nas s 
ae Coe * Multiply the numerator and denomi- 
a 2 x nator by the LCM. 
a ks 
Zz BY 
ri 
1-x’- Pe , 
= 5 * Simplify. 
1-*?°+--x# 
j 
Se =4 “6-De7) 
+2 th +2) 
pe iw 
x 
ae Ao eee ee 
j a 1 pee 4 
: xz 2 ee eee 
Simplify: hy Simplify: Ta 
Y 4 o x 
Solution Your solution 
The LCM of z, 2, x, and 4 is 4’. 
Pas (ae j Lar z 
—t¢—-— ~—t+— —- by +—-4e 
er A 2 AL 2X Z 
re j 
as ae ae 
g¢ 4 # 4 & 4 
j 
hn + 2 222A _ 
4-—x° (2 ~ *)2+H 2-% 


Solution on p. S15 
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Solution Your solution 
The LCM of x and 2? is x’. 





MES 
x? — 1lx + 30 





ieee nee x+3 
eS Sere) x= 6 





cece ece rece recor eee eee eee ee oo seeeeeoeserereoecseeeeeseeeeeeeeipeseeoeseeoeeseeeoeeeeeeeeeeeeEeeE oH HSE oH HHO HEH EEE EB E OTOH 


jae 3 is lYou Try It 3 


20 20 
Ei eae 
x+4 : ; MS 
74 Simpy ——— 
+8+ 
x+4 an: x-5 








x= 6 + 
Simplify: 
x = 10-+ 








Solution Your solution 
The LCM is x + 4. 




















(= 8x +4) +e +4) 


Coa LONG 4) 





aaa 


WO TAY Ol lO! Ae Ne 
x? — 6x -40+24 x?- 6x —- 16 





Bete ewe 
(«— 8)G@4+2) x-8 





Paschal 
mi: 
macs 
oF 
= Be 
oy 
@M . 
NS > 
ease 
Oo: 
‘Goes 
a: 
Sis: 
age 
Nm. 


Solutions on p. S15 
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6.4 Exercises 





_ Objective A 




































































Simplify. 
3 
2 ae . a 
1 2 x Xx 
ce ae sete 
x iS x+4 
25 
Sag 1+ 2 ee a 
4. Be eS 5 Vo 2 6 Dee = || 
ee j fa 3 eld 
CORE, ia) 6 en 2x el 
2 3 i, 6 
ee, ee es 
ale 8 9. 
1 1 9 
5+ " a 
go] x-8 J a 
A A a6 yee 
ei ey Le Soe ia Ue ies 
E ; 12. 
10 Tae 11 6 5 e206 
NS a aes 19S heel: 1 ma 
x KG Xx KG a a 
pee: (2818 ie 
a aes ato 
io [eee eee ae 15) a 
a, aay pune 
eee iy a eX x+3 
foal Fa et 
y = > 3, 
16. = 17. Sa 18. = 
Pg) oe oy 4 pay FR 
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\ 
10 
ales a pp eee Lo 3 ae 
19 x+4 50 a-2 1 i 6 
. + 3 ss . 6 + ze , +2 ey 
ree eee Se * ry i 
Xx ~ Pea at ——- 10 
5 22 | 12 
ie (etek = 5 ae 
Sa Rae er ores e ee 
aes ee ot 23. Sarai cE ise 24. T= apne 
x-3- — a le 
ae tea DP Fr ae ee | 
2 4c 18 1 2 
x x = == 
2x — 3 2x + 1 oon se Il 
_———_— a Pai le 
25 3 26 6 7 3 i 
ax = Nee ae 
2% — 3 De ae Il oe all 
3 BL 3 al 4 fae 
n+ i n x eG Byes il 2 
233. ———————_ oo _olm—— 
8 5 a 29 4 5 30 al 5 
n+ 1 n ge Pee = I 5% Sie ar il 
APPLYING THE CONCEPTS 
Simplify. 
| 
31. 1+ , 32. 1+ — 33. 1- ! 
Sigs 1 + i woe 
: 1+ ‘ 
D 





a'—p"! y 4 4 y bs 8 b 
4. > > ° : : cae — | ak a SS 
Us Saas 35 (2 ‘) (: a4 | 36. (? :) : (? 5 + :) 








Sis 
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G 5 Solving Equations 

© Containing Fractions 
Objective A . To solve an equation containing fractions 

To solve an equation containing fractions, clear denominators by multiplying 


each side of the equation by the LCM of the denominators. Then solve for the 
variable. 






=> Solve: 2 








¢ The LCM is 12. Multiply each 
side of the equation by the LCM. 





¢ Simplify using the Distributive Property 
and the Properties of Fractions. 








4 D 
4(ea1), 222.7 
1 A ae i 
9x —-3 +8 = 14 © Solve for x. 
9x +5 = 14 
9x = 
BS 


1 checks as a solution. The solution is 1. 


Occasionally, a value of the variable that appears to be a solution of an equation 
will make one of the denominators zero. In this case, that value is not a solution 
of the equation. 



































=> Solve: == 1 
cea oe X= 2 
2x ree 
Mn oe Co eee 
De 4 © The LCM is x — 2. Multiply each 
2) ee a 2 5 side of the equation by the LCM. 
ie 4~ ¢ Simplify using the Distributive 
(% — 2) Se (—2)-1 + @— 2)" = Property and the Properties of 
' Fi Fractions. 
(e—2) 2x (ea Zy 4 
=(x-2)-1+ —— 
1 x—2 1 x2 
2e=x—-24+ 4 © Solve for x. 
Di 
x=2 
: DG 
When x is replaced by 2, the denominators of meee and yg ale zero. There- 


fore, the equation has no solution. 
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\ 
eee ee beet eee eee eee eee eens eee nee essere eee eec ener ed PO ee egos occo cco sc UU dD 
ees 1 = You Try It 1 
59 2 nN 3 
BONG as Solves ig Gta 
Solution Your solution a 
The LCM is x(@ + 4). 
ee 
pyaewl ee 
Pie 7 (Ea VN aera pes 
x + 4 aN iG 
1 il 
Mee x KT 4) 2 
1 x+4 1 x 
1 
x = (4. +.4)2 
x = 2% + 8 
Solve the quadratic equation by factoring. 
x? -2x-8=0 
(x — 4)a + 2)=0 
x-4=0 e+ 2 = 0 
x=4 ee 
Both 4 and —2 check as solutions. 
The solutions are 4 and —2. 
Romane ; i tYou Try It 2 
12 Soe 10 
Solve $a IASG 5 oy Sblveviay mitre Cea 
Solution Your solution 
The LCM is x — 4. 
3x 5 + le, 
oe = a! 5g Al 
Sue 12 
= — ) & ab 
(3) -e-als+ 2) 
1 if 
(x—Fy 3x (x fa 4)5 (x-—4) : 12 
1 Sari 1 oot 


3x =(x — 4)5 + 12 
Bi — Oe =e 0 le 


3H) = 6 = 6) 
— ao 
KA 


4 does not check as a solution. 
The equation has no solution. 
Solutions on p. S15 
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6.5 Exercises 








1. Can 2 be a solution of the equation ae 4? Explain your 
@ ea i exe 2 


S<\ answer. 


2. After multiplying each side of an equation by a variable expression, why 
©», must we check the solution? 






































Solve. 
DG 5 1 x 1 1 x il 88 1 
Bh Se SS a SSS = SS 
3 2 2 3 Be 2 3 44> 6 
2 - + + 
nee ae eee Beh ea ht iorys tae gy ae ee ee 
9 On 9a UG 8 4 8 4 12 3 12 2 
6 12 9 i 
= = 11. —— 2 
id Da 1 z 0 3ye = 2 2 sg = 5 
8 
12. 3 = 78; 13. prea 14. 3+-—=5 
4 — 3x X n 
12 a) 
15. (eA 16. 3 -——=7 17. —+5= 
56 x Y 
6 8 4 5 3 
= = =— 20. ——= 
1pee S41 LO ea eae oe 
2 3 5 —3 —3 2 
= 5 — 23: SE a Se 
oe 30 — 4 1 ae Sd A = 2x 2x+5 x-1 
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\ 
4 2 4x ye 25 Té 
. = : +5= 26. a en 
ag ye yt ae x-4 x-—4 a 2 x2 
2 a Os 4 ig 8 
. 2+ = ; =o 29. = 
me C=) GS ae x+4 x+4 KS xe 
x 1 2% 3 5 n 
. = : = 32. = 
a Met oe. het e a A knoe fl Sn 8 ner 
6 oy 6 2K 8 a 
33. =p — 34. = = 35. -—= cme 
s Xa) EC 2 3 Misco! PS ye m= 2 
APPLYING THE CONCEPTS 
36. Explain the procedure for solving an equation containing fractions. 
‘ . Include in your discussion how the LCM of the denominators is used to 
“eliminate fractions in the equation. 
Solve. 
ae 2y —5 eT a2 
37. 1 = 2, ee = 
52 3 | y) is 38. ja 53 Ou 
39 een a | b 3 Go AG x 3 3 
: = . <= + 
5 4 10 2x? =x = field a2 eet 
all a2 
Naked | Xe el ae y-yad 4? Bow 
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Objective A 
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Ratio and Proportion 


To solve a proportion <) 


Quantities such as 4 meters, 15 seconds, and 8 gallons are number quantities 
written with units. In these examples the units are meters, seconds, and gallons. 
A ratio is the quotient of two quantities that have the same unit. 


The length of a living room is 16 ft and the width is 12 ft. The ratio of the length 
to the width is written 


lott 16 ma A ratio is in simplest form when the two numbers do not 
cuter se have a common factor. Note that the units are not written. 


A rate is the quotient of two quantities that have different units. 
There are 2 lb of salt in 8 gal of water. The salt-to-water rate is 


2b. Pail A rate is in simplest form when the two numbers do not have 
8 gal a7 gal a common factor. The units are written as part of the rate. 





A proportion is an equation that states the equality 30mi_ 15 mi 
of two ratios or rates. Examples of proportions are Abe och 
shown at the right. 





8 
1D 
oe 
8 


he Ath 2 
»» Solve the proportion en ae 


ae 
Baa a 3 2 © The LCM of the denominators is 3x. Multiply each 
= be ie eee side of the proportion by the LCM. 
Z 


= 2x ® Solve the equation. 








Example 1 his: Try it 1 : 
: 4 : ‘3 
Solve the proportion Ap geeee Solve the proportion Meares 
8 4 : 
i =— Your solution 
Solution a eae 
8 4 
oS =. 3 a 
Lio se 3) 8 x(x Me 
Si = 4@ +38) 
8x. = 4n Fy 12 
4x = 12 
x=3 


The solution is 3. 


Solution on p. S15 
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: 





7 Objective B ' To solve application problems © 
ee 2 hs Try It 2 
The monthly loan payment for a car is $28.35 Sixteen ceramic tiles are needed to tile a 
for each $1000 borrowed. At this rate, find the 9-square-foot area. At this rate, how many 
monthly payment for a $6000 car loan. square feet can be tiled using 256 ceramic 
tiles? 
Strategy Your strategy 


To find the monthly payment, write and solve a 
proportion, using P to represent the monthly 
car payment. 


Solution Your solution ‘ 
28.35 be P. 
1000 6000 
28.35 P 
£000 33) = £000( 5 
LOO =P 


The monthly payment is $170.10. 


Solution on p. S16 


Objective C To solve problems involving similar triangles ee) 


Similar objects have the same shape but not necessarily the same size. A tennis 
ball is similar to a basketball. A model ship is similar to an actual ship. 


Similar objects have corresponding parts; for example, the rudder on the model 
ship corresponds to the rudder on the actual ship. The relationship between the 
sizes of each of the corresponding parts can be written as a ratio, and each ratio 


will be the same. If the rudder on the model ship is a the size of the rudder on 
the actual ship, then the model ae is a6 the size of the actual wheel- 


house, the width of the model is — D the width of the actual ship, and so on. 


The two triangles ABC and DEF 


shown at the right are similar. Side 
AB corresponds to DE, side BC cor- 
responds to EF, and side AC corre- a 


sponds to DF. The height CH 

corresponds to the height FK. The SS 
ratios of corresponding parts are 

equal. 


AE elie ee oes 1 Wee Ca aw) Cum Loma 





DE 8 2 ©DF 6 2 ep ademas ae ee 
Because the ratios of corresponding parts are equal, three proportions can be 


formed using the sides of the triangles. 


AB GAC) AB EG 5 Haehaieg 
DE Dee phe En. DE Be 
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| TAKE NOTE 


Vertical angles of 


_ intersecting lines, 

_ parallel lines, and 

_ angles of a triangle are 
_ discussed in the 

_ section on geometry 

' problems. 
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Three proportions can also be formed by using the sides and height of the 
triangles. 


BB Ci. AC _ CH BC _ CH 
De Re ADR VFR’ EF FK 


The corresponding angles in similar triangles are equal. Therefore, 
LAe= LD, ZLB=ZE, and ZC = ZF 


It is also true that if the three angles of one triangle are equal, respectively, to the 
three angles of another triangle, then the two triangles are similar. 


A line DE is drawn parallel to the base AB 
in the triangle at the right. 2x = Zm and 
Zy = Zn because corresponding angles 
are equal. Angle C = angle C; thus the 
three angles of triangle DEC are equal, 
respectively, to the three angles of triangle 
ABC. Triangle DEC is similar to triangle 
ABC. 





The sum of the three angles of a triangle is 180°. If two angles of one triangle are 
equal to two angles of another triangle, then the third angles must be equal. Thus 
we can say that if two angles of one triangle are equal to two angles of another 
triangle, then the two triangles are similar. 


=> The line segments AB and CD A 4cm C 
intersect at point O in the figure 
at the right. Angles C and D are 
right angles. Find the length of 
DO. 





First we must determine whether 
triangle AOC is similar to triangle 
BOD. 

Angle C = angle D because they are right angles. 


Angle x = angle y because they are vertical angles. 


Triangle AOC is similar to triangle BOD because two angles of one triangle are 
equal to two angles of the other triangle. 


AG INEO e Use a proportion to find the length 
DB yi DO of the unknown side. 
thee 
Lei DO 
4 3 
1(DO)— = (DO) 5 
4(DO) = 7(3) 
4(DO) = 21 
DO = 5.25 
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=> Triangles ABC and 
DEF at the right are 
similar. Find the area 


of triangle ABC. 
AB _ CH 
DE FG 
yer 
12 3 
5 CH 
2 = 12.5 
: £2 3 
5 = 4(CH) 
1.25 =CH 


Ae shh = + (5)(1.25) 75.129 


2 


‘ 
ji 
Cc 
A Sai, 16015 ID) 12 in. G 


e Solve a proportion to find the 
height of triangle ABC. 


© The height is 1.25 in. The base is 5 in. 


e Use the formula for the area of a triangle. 


The area of triangle ABC is 3.125 in’. 


| Example 3 

In the figure below, AB is parallel to DC, 

and angles B and D are right angles. 

AB = 12 m, DC = 4 m, and AC =-18 m. Find 


the length of CO. 


A B 


Strategy 

Triangle AOB is similar to triangle DOC. Solve 
a proportion to find the length of CO. Let x 
represent the length of CO and 18 — x 
represent the length of AO. 





Solution 
DE CO 
AB AO 
Halt pyc 
1 1sea 





4 
L233) — x)- 
( x) DD L213; — x) 
4(18 — x) = 12x 


x 
le = 4 


UD = Bye = De 
NOx 
AS =X 


The length of CO is 4.5 m. 


| 
PNRM cea hie avis aie \ ese cin asiins en Cameo hae matae em Pesce eect eee ee cence eee ee ee eee eeeeeeeeseceeeec tees ees 
E You Try It3 


In the figure below, AB is parallel to DC, and 
angles A and D are right angles. AB = 10 cm, 
CD = 4 cm, and DO = 3 cm. Find the area of 
triangle AOB. 


A B 


€ D 


Your strategy 


Your solution 


Solution on p. S16 
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6.6 Exercises 











Objective A 
. What is a proportion? 
Solve 
a3 Sind? 
12 4 
16 64 
6— = 
S) 
5 8) ee 
4 ate ie) 
$23 a0 — e 
ize an X 
15. ee 








Objective B Application Problems 


18. Simple syrup used in making some desserts requires 2 cups (c) of 
sugar for every : c of boiling water. At this rate, how many cups of 


sugar are required for 2 c boiling water? 


19. An exit poll survey showed that 4 out of every 7 voters cast a ballot in 
favor of an amendment to a city charter. At this rate, how many voters 
voted in favor of the amendment if 35,000 people voted? 


20. Ina city of 25,000 homes, a survey was taken to determine the number 
with cable television. Of the 300 homes surveyed, 210 had cable television. 
Estimate the number of homes in the city that have cable television. 


21. On a map, two cities are 22 in. apart. If : in. on the map represents 


25 mi, find the number of miles between the two cities. 
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2. Explain a method for solving a proportion. 





























@ 
gee: Nelsen 
OG 3 Oy 27. 
ables) SP slip fie = 4 
i 6 5 10 
Zz 20 Z 4 
ie = le 
Tecra) ate aol 
Se sip ty = 82g fo= @ 38 
13. Se a 
pas ae 
iene ee ioe 
Sa ae a eae Th 14 
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22. A company decides to accept a large shipment of 10,000 computer chips 
if there are 2 or fewer defects in a sample of 100 randomly chosen chips. 
Assuming that there are 300 defective chips in the shipment and that the 
rate of defective chips in the sample is the same as the rate in the ship- 
ment, will the shipment be accepted? 



































23. The sales tax ona car that sold for $12,000 is $780. At this rate, how much 
higher is the sales tax on a car that sells for $13,500? 


24. Leonardo da Vinci measured various distances on the human body 
in order to make accurate drawings. He determined that generally 
the ratio of the kneeling height of a person to the standing height of 


that person was . Using this ratio, determine how tall a person is 


who has a kneeling height of 48 in. 


25. In one of Leonardo da Vinci's notebooks, he wrote that “... from the 
top to the bottom of the chin is the sixth part of a face, and it is the 
fifty-fourth part of the man.” Suppose the distance from the top to 
the bottom of the chin of a person is 1.25 in. Using da Vinci’s mea- 
surements, find the height of this person. 





26. As part of a conservation effort for a lake, 40 fish are caught, tagged, 
and then released. Later 80 fish are caught. Four of the 80 fish are 
found to have tags. Estimate the number of fish in the lake. 


27. Ina wildlife preserve, 10 elk are captured, tagged, and then released. Later 
15 elk are captured and 2 are found to have tags. Estimate the number of 
elk in the preserve. 


28. The engine of a small rocket burns 170,000 lb of fuel in 1 min. At this rate, 
how many pounds of fuel does the rocket burn in 45 s? 


Objective C 
Triangles ABC and DEF in Exercises 29 to 36 are similar. Round answers to the nearest tenth. 


29. Find side AC. 30. Find side DE. 


Ee 


€ 
A 8 in. B D EB 


A 4cem B D 9cm E 


8 in. 
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31. 


33. 


35; 


37. 


5 ie)3 


Find the height of triangle ABC. 
fe 


C 12m 
i 5m 
A le 1B) 


Find the perimeter as triangle DEF. 


de 


A 4ft B 


E 


Find the area of triangle ABC. 


\ 


18m 


Given BD ||AE, BD measures 5 cm, 
AE measures 8 cm, and AC measures 
10 cm, find the length of BC. 


e 


Given DE || AC, DE measures 6 in., 
AC measures 10 in., and AB measures 
15 in., find the length of DA. 

B 


A € 
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32. Find the height of triangle DEF. 


“vit 9 ft 


a 





34. Find the perimeter of triangle ABC. 


\ \ 


A 4m 8B 5m 


36. Find the area of triangle ABC. 
F 


C 15 cm 
ieee 2s 


A 12cm B D 22.5 cm E 





38. Given AC || DE, BD measures 8 m, 
AD measures 12 m, and BE mea- 
sures 6 m, find the length of BC. 


40. Given MP and NQ intersect at O, NO 
measures 25 ft, MO measures 20 ft, 
and PO measures 8 ft, find the 


length of QO. 

Q 
M 0 P 
N 
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\ 

41. Given MP and NQ intersect at O, NO mea- 42. Given MO and NP intersect at O, NO mea- 
sures 24 cm, MN measures 10 cm, MP mea- sures 12 m, MN measures 9 m, PQ measures 
sures 39 cm, and QO measures 12 cm, find 3m, and MO measures 20 m, find the perime- 
the length of OP. ter of triangle OPQ. 


M M 
{2 i. O P 
OQ 


43. Similar triangles can be used as an indirect way to measure 
inaccessible distances. The diagram at the right represents a 
river of width DC. The triangles AOB and DOC are similar. The 
distances AB, BO, and OC can be measured. Find the width of 
the river. 


44. The sun’s rays cast a shadow as shown in the diagram at the 
right. Find the height of the flagpole. Write the answer in 
terms of feet. 








APPLYING THE CONCEPTS 


45. Three people put their money together to buy lottery tickets. The first per- 
son put in $25, the second person put in $30, and the third person put in 
$35. One of their tickets was a winning ticket. If they won $4.5 million, 
what was the first person’s share of the winnings? 


46. No one belongs to both the Math Club and the Photography Club, but the 
two clubs join to hold a car wash. Ten members of the Math Club and 
6 members of the Photography Club participate. The profits from the car 
wash are $120. If each club’s profits are proportional to the number of 
members participating, what share of the profits does the Math Club 
receive? 


47. A basketball player has made 5 out of every 6 foul shots attempted in one 
year of play. If 42 foul shots were missed that year, how many shots did 
the basketball player make? 
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Literal Equations 


Objective A __ To solve a literal equation for one of the variables 





A literal equation is an equation that contains more than 2x + 3y =6 

one variable. Examples of literal equations are shown at 4w —2x+z=0 
the right. 

Formulas are used to express a rela- 1 iat , 

tionship among physical quantities. A Fae eel oe hysics) 


formula is a literal equation that states 
rules about measurements. Examples 
of formulas are shown at the right. 2 Moe ra tet 16 (Business) 


s=at+(a-— Id (Mathematics) 


The Addition and Multiplication Properties can be used to solve a literal equa- 
tion for one of the variables. The goal is to rewrite the equation so that the vari- 
able being solved for is alone on one side of the equation and all the other 
numbers and variables are on the other side. 


=» Solve A = P(1 + i) fori. 


The goal is to rewrite the equation so that i is on one side of the equation and 
all other variables are on the other side. 


A=P(1 + 1) 
A=P+Pi e Use the Distributive Property to remove parentheses. 
Wi PP Pp oe Pi ¢ Subtract P from each side of the equation. 
A-P=Pi 
aks = Ee © Divide each side of the equation by P. 
P 13 
ag ae 
12 
Example 1 L.. Try It 1 
Solve 3x — 4y = 12 for y. Solve 5x — 2y = 10 for y. 
Solution Your solution 
3x — 4y = 12 
oo Ay = —3x + 12 
ay = —3x7 + 12 
Ay 3x 12 
—4 —4 
3 
fy 3 
y x 


Solution on p. S16 


ee ee 


% 


Pee ee eC Ca 


% 


a ey 


i 

7 
‘ 
2 


f bas 


Las 


ke 


eee ee eee reece cence 


tees 


ec eee 


Ce 


‘ 


we eeee 


‘? 


7% 


i 


a(1 + ct) for 


‘Example 3 
Solve L 


Kore) sisvisuei'e e" 
«<0, F 


ai? 


S=rS + C for S, 


ry 


Example 4 


ae 


Solve S = C - rC for C. 





Solution 
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6.7 Exercises 


Objective A 
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Solve for y. 

1. 3x+y=10 2. 72x Y= 5 3. 4x -y=3 
De ot 2y = 6 6. 2x+ 3y=9 ad. 26 -—3y— 10 
97 2x + Ty = 14 10. 6x —-5y= 10 11. x + 3y=6 
13. y—2=3( + 2) 14. y+4=-2( — 3) 
Solve for x. 

162 Sy = 6 7. x + 6y =.10 

19, $24,791 =n6 20. 2x + 5y=10 

22 wi keene bh = 0 235 1% = 4y — 3 = 0 


Solve the formula for the given variable. 


2s a = Ft t (Physics) 


21; PV =AaART;T (Chemistry) 


15. 


18. 


21: 


24. 


26. E=IR;R (Physics) 


28, A=bhih (Geometry) 


4.) Seay Se 
8. 5x -2y=4 


12. x+2y=8 


2 
Tig eG) 


34 = y= 3 


4x + 3y = 12 


5x + 4y + 20 =0 
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\ 
9 
29. P=21+ 2w;l (Geometry) 30. F= 5o + 32;C (Temperature 
conversion) 
1 5 
31. A= =h(b, + bo); by (Geometry) 32. C= —(F —32);F (Temperature 
3 ? conversion) 
1 
33. V= 3 Ah h (Geometry) 34. P=]R-—CC (Business) 
CS ; - 
See ae S (Business) 36, PF = = e: R (Business) 
n 
37. A= P= Prt; P (Business) 38. T=fm—gmim (Engineering) 
39. A=Swtw,w (Physics) 40. a=S-S;S (Mathematics) 


APPLYING THE CONCEPTS 


Breakeven analysis is a method used to determine the sales volume required for a company to break even, 
or experience neither a profit nor a loss on the sale of a product. The breakeven point represents the num- 
ber of units that must be made and sold for income from sales to equal the cost of the product. 


The breakeven point can be calculated using the formula B =o where F is the fixed costs, 
S is the selling price per unit, and V is the variable costs per unit. 


yi 


my oes 


41. a. Solve the formula B = 





b. Use your answer to part a to find the selling price per unit required for 
a company to break even. The fixed costs are $20,000, the variable 
costs per unit are $80, and the company plans to make and sell 
200 desks. 


c. Use your answer to part a to find the selling price per unit required for 
a company to break even. The fixed costs are $15,000, the variable 
costs per unit are $50, and the company plans to make and sell 
600 cameras. 
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Psa 


saomnsanonesinco 


OR OSE OS ERE EE EEE MOORS 


| TAKE NOTE 


_ Use the information 

' given in the problem to 

_ fill in the “Rate” and 

_ “Time” columns of the 

_ table. Fill in the “Part 

_ Completed” column by 

_ multiplying the two 

_ expressions you wrote in 
_ each row. 


nonerrrennnnentist 





Objective A 


RAR ASIII ES SNE ASIP SELES 





Beceresenxaiecconstnasaetreaner tea oa ase ES 
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Application Problems 





To solve work problems 


If a painter can paint a room in 4 h, then in 1 h the painter can paint } of the 
room. The painter's rate of work is } of the room each hour. The rate of work is 
the part of a task that is completed in 1 unit of time. 


A pipe can fill a tank in 30 min. This pipe can fill 35 of the tank in 1 min. The rate 
of work is 3 of the tank each minute. If a second pipe can fill the tank in x min, 
the rate of work for the second pipe is + of the tank each minute. 


In solving a work problem, the goal is to determine the time it takes to complete 
a task. The basic equation that is used to solve work problems is 


Rate of work xX time worked = part of task completed 


For example, if a faucet can fill a sink in 6 min, then in 5 min the faucet will fill 
< X 5 =2 of the sink. In 5 min the faucet completes 2 of the task. 


=» A painter can paint a wall in 20 min. The painter's apprentice can paint the 
same wall in 30 min. How long will it take them to paint the wall when they 
work together? 


©. 9 9 -:.9-0.% 9.0. O82 9% 2%. 2% 9 &. O.@ OS. OG, 8, 0. BPD Pa Coyne Cite ul te eacaet 
Strategy for Solving a Work Problem 
1. For each person or machine, write a numerical or variable expression for the rate of 


work, the time worked, and the part of the task completed. The results can be recorded 
in a table. 


| Mee eee ee 


Sea i ie i ee ee ee ee i ee Se 0 ck ee ss ce 


Unknown time to paint the wall working together: t 





, OO Oe ee Pea tay eee ia Sg ene ee 
» 2. Determine how the parts of the task completed are related. Use the fact that the sumof = 
° the parts of the task completed must equal 1, the complete task. . 
See Se ee ee ee ee ee ee Tee ee 
The sum of the part of the task t ie Pins 
: ot 
completed by the painter and the I0, 30 


part of the task completed by the 


apprentice is 1. 


t t 
— + —] = . ® Multiply b 
col 5 + S) 60: 1 ultiply by 


a the LCM of 

3t + 2t = 60 20 and 30. 
5t = 60 
PD 


Working together, they will paint the wall in 12 min. 
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it. 1 


A small water pipe takes three times longer to 
fill a tank than does a large water pipe. With 
both pipes open it takes 4 h to fill the tank. 
Find the time it would take the small pipe, 
working alone, to fill the tank. 


Strategy 
e Time for large pipe to fill the tank: t 
Time for small pipe to fill the tank: 3¢ 


Fills tank 
in 3t hours 


Fills tank 
in t hours 





Fills $ ofthe _ Fills + of the 
tank in 4 hours _ tank in 4 hours 





e The sum of the parts of the task completed 
by each pipe must equal 1. 


Solution 
a 


t 


i: = 


ie aid sem 
16 = 3¢ 
16 
ii 


16 
3¢ = 3| —] = 16 


The small pipe working alone takes 16 h to fill 


the tank. 


HYou Try It 1 

Two computer printers that work at the same 
rate are working together to print the payroll 
checks for a large corporation. After they work 
together for 2 h, one of the printers quits. The 
second requires 3 h more to complete the 
payroll checks. Find the time it would take one 
printer, working alone, to print the payroll. 


Your strategy 


Your solution 


Solution on p. S16 
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Objective B 


TAKE NOTE 

Use the information 

given in the problem to 

fill in the “Distance” and | 
; 





: 
| “Rate” columns of the 
_ table. Fill in the “Time” 

i column by dividing the 

_ two expressions you 

wrote in each row. | 

B 


AAALAC REROOL ATLA ELL BEY OY LED TEESE TIE EEL DOA 
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To solve uniform motion problems 


A car that travels constantly in a straight line at 30 mph is in uniform motion. 
Uniform motion means that the speed or direction of an object does not change. 


The basic equation used to solve uniform motion problems is 
Distance = rate X time 


An alternative form of this equation can be written by solving the equation 
for time. 


Distance - 
oS 
Rate 


This form of the equation is useful when the total time of travel for two objects 
or the time of travel between two points is known. 


™ The speed of a boat in still water is 20 mph. The boat traveled 75 mi down a 
river in the same amount of time it took to travel 45 mi up the river. Find the 
rate of the river’s current. 


| eee ee en eee ee eee ee eee ee ee te ae ee een ey 
e Strategy for Solving a Uniform Motion Problem 


e f ? 
« 1. For each object, write a numerical or variable expression for the distance, rate, and 
@ time. The results can be recorded in a table. 


WCeeceeseeeee eee eee eee eet eee eee eee eee Ot 


oa ese 


The unknown rate of the river’s current: r 





| ee ee re eS GT EE NT aE ee 
» 2. Determine how the times traveled by each object are related. For example, it may be ° 
° known that the times are equal, or the total time may be known. ° 


rms yor Sm JoJo Si Tem Sik um So Sk Dn Se ec SS Sm tae Stk et ks i Od 














fts) 45 ¢ The time down the river 
AO 7 i I0'— 7 is equal to the time up 
the river. 
(20 + 7)20 —7) ie = 20u5- 7 )(2 0) © Multiply by the LCM. 

207 DA Re 

(20 — r)75 = (20 + r)45 

1500 — 75r = 900 + 45r 
—120r = —600 

r=5 


The rate of the river's current is 5 mph. 
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; Example 2 
A cyclist rode the first 20 mi of a trip at a 
constant rate. For the next 16 mi, the cyclist 
reduced the speed by 2 mph. The total time for 
the 36 mi was 4 h. Find the rate of the cyclist 
for each leg of the trip. 


Strategy 
e Rate for the first 20 mi: r 
Rate for the next 16 mi: r — 2 


if SS r—-2 
t al > 


16 mi 





Time 







e The total time for the trip was 4 h. 


Solution 


Dometo 


ig eS 
r(r 222 4 i |-m-2-4 
r FD 


(r — 2)20 + 16r = 4r? — 8r 
20r — 40 + 16r = 4r? — 8r 
36r — 40 = 4r? — 8r 


4 








Solve the quadratic equation by factoring. 
0 = 4r’ — 44r + 40 
0 = 4(r* — 11r + 10) 
0 = 4 — 10)(r — 1) 
r—-1=0 


r=1 


r—-10=0 
r= 10 

The solution r = 1 mph is not possible, 

because the rate on the last 16 mi would then 

be —1 mph. 

10 mph was the rate for the first 20 mi. 

8 mph was the rate for the next 16 mi. 


Le Try It 2 
The total time it took for a sailboat to sail back 
and forth across a lake 6 km wide was 2 h. The 
rate sailing back was three times the rate 
sailing across. Find the rate sailing out across 
the lake. 


Your strategy 


Your solution 


Solution on p. S17 
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6.8 Exercises 


__ Objective A 


10. 


11. 


Application Problems 






Explain the meaning of the phrase “rate of work.” 


2 : : 
if 5 of a room can be painted in 1 h, what is the rate of work? At the same 


rate, how long will it take to paint the entire room? 


A park has two sprinklers that are used to fill a fountain. One sprinkler 
can fill the fountain in 3 h, whereas the second sprinkler can fill the foun- 
tain in 6 h. How long will it take to fill the fountain with both sprinklers 
operating? 


One grocery clerk can stock a shelf in 20 min, whereas a second clerk 
requires 30 min to stock the same shelf. How long would it take to stock 
the shelf if the two clerks worked together? 


One person with a skiploader requires 12 h to remove a large quantity of 
earth. A second, larger skiploader can remove the same amount of earth 
in 4 h. How long would it take to remove the earth with both skiploaders 
working together? 


An experienced painter can paint a fence twice as fast as an inexperienced 
painter. Working together, the painters require 4 h to paint the fence. How 
long would it take the experienced painter, working alone, to paint 
the fence? 


One computer can solve a complex prime factorization problem in 75 h. 
A second computer can solve the same problem in 50 h. How long would 
it take both computers, working together, to solve the problem? 


A new machine can make 10,000 aluminum cans three times faster than 
an older machine. With both machines working, 10,000 cans can be made 
in 9 h. How long would it take the new machine, working alone, to make 
the 10,000 cans? 


A small air conditioner can cool a room 5° in 75 min. A larger air condi- 
tioner can cool the room 5° in 50 min. How long would it take to cool the 
room 5° with both air conditioners working? 


One printing press can print the first edition of a book in 55 min, whereas 
a second printing press requires 66 min to print the same number of 
copies. How long would it take to print the first edition with both presses 


operating? 


Two oil pipelines can fill a small tank in 30 min. Using one of the pipelines 
would require 45 min to fill the tank. How long would it take the second 
pipeline, working alone, to fill the tank? 
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15. 


16. 


7. 


18. 


19. 


20. 
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Working together, two dock workers can load a crate in 6 min. One dock 
worker, working alone, can load the crate in 15 min. How long would it 
take the second dock worker, working alone, to load the crate? 


A mason can construct a retaining wall in 10 h. With the mason’s appren- 
tice assisting, the task takes 6 h. How long would it take the apprentice, 
working alone, to construct the wall? 


A mechanic requires 2 h to repair a transmission, whereas an apprentice 
requires 6 h to make the same repairs. The mechanic worked alone for 
1 h and then stopped. How long will it take the apprentice, working alone, 
to complete the repairs? 


One computer technician can wire a modem in 4 h, whereas it takes 6 h 
for a second technician to do the same job. After working alone for 2 h, 
the first technician quit. How long will it take the second technician to 
complete the wiring? 


A wallpaper hanger requires 2 h to hang the wallpaper on one wall of a 
room. A second wallpaper hanger requires 4 h to hang the same amount 
of paper. The first wallpaper hanger worked alone for 1 h and then quit. 
How long will it take the second wallpaper hanger, working alone, to com- 
plete the wall? 


Two welders who work at the same rate are welding the girders of a build- 
ing. After they work together for 10 h, one of the welders quits. The sec- 
ond welder requires 20 more hours to complete the welds. Find the time 
it would have taken one of the welders, working alone, to complete 
the welds. 


A large and a small heating unit are being used to heat the water of a pool. 
The larger unit, working alone, requires 8 h to heat the pool. After both 
units have been operating for 2 h, the larger unit is turned off. The small 
unit requires 9 h more to heat the pool. How long would it take the small 
unit, working alone, to heat the pool? 


Two machines that fill cereal boxes work at the same rate. After they work 
together for 7 h, one machine breaks down. The second machine requires 
14h more to finish filling the boxes. How long would it have taken one of 
the machines, working alone, to fill the boxes? 


A large and a small drain are opened to drain a pool. The large drain can 
empty the pool in 6 h. After both drains have been open for 1 h, the large 
drain becomes clogged and is closed. The smaller drain remains open and 
requires 9 h more to empty the pool. How long would it have taken the 
small drain, working alone, to empty the pool? 
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jective B 
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23. 
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28. 
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Application Problems 


Running at a constant speed, a jogger ran 24 mi in 3 h. How far did the 
jogger run in 2 h? 


For uniform motion, distance = rate - time. How is time related to dis- 
tance and rate? How is rate related to distance and time? 


Commuting from work to home, a lab technician traveled 10 mi ata 
constant rate through congested traffic. On reaching the expressway ' 
Maes : oN se 10 mi 20 mi 
the technician increased the speed by 20 mph. An additional 20 mi Gaal Taiae Ive CD 
was traveled at the increased speed. The total time for the trip was ay 
1 h. Find the rate of travel through the congested traffic. 





The president of a company traveled 1800 mi by jet and 300 mi on a prop 
plane. The rate of the jet was four times the rate of the prop plane. The 
entire trip took a total of 5 h. Find the rate of the jet plane. 


As part of a conditioning program, a jogger ran 8 mi in the same 8 mi A 
amount of time a cyclist rode 20 mi. The rate of the cyclist was r 

12 mph faster than the rate of the jogger. Find the rate of the jogger 20 mi 

and that of the cyclist. aT TO A 


An express train travels 600 mi in the same amount of time it takes a 
freight train to travel 360 mi. The rate of the express train is 20 mph faster 
than that of the freight train. Find the rate of each train. 


To assess the damage done by a fire, a forest ranger traveled 1080 mi by 
jet and then an additional 180 mi by helicopter. The rate of the jet was 
four times the rate of the helicopter. The entire trip took a total of 5 h. 
Find the rate of the jet. 


A twin-engine plane can fly 800 mi in the same time that it takes a 
single-engine plane to fly 600 mi. The rate of the twin-engine plane is 
50 mph faster than that of the single-engine plane. Find the rate of the 
twin-engine plane. 


As part of an exercise plan, Camile Ellison walked for 40 min and then ran 
for 20 min. If Camile runs 3 mph faster than she walks and covered 5 mi 
during the 1-hour exercise period, what is her walking speed? 


A car and a bus leave a town at 1 P.M. and head for a town 300 mi away. 
The rate of the car is twice the rate of the bus. The car arrives 5 h ahead 
of the bus. Find the rate of the car. 
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A car is traveling at a rate that is 36 mph faster than the rate of a 
cyclist. The car travels 384 mi in the same time it takes the cyclist to 
travel 96 mi. Find the rate of the car. 


A backpacker hiking into a wilderness area walked 9 mi at a constant 
rate and then reduced this ‘rate by 1 mph. Another 4 mi was hiked at 
this reduced rate. The time required to hike the 4 mi was 1 h less than 
the time required to walk the 9 mi. Find the rate at which the hiker 
walked the first 9 mi. 


A plane can fly 180 mph in calm air. Flying with the wind, the plane can 
fly 600 mi in the same amount of time it takes to fly 480 mi against the 
wind. Find the rate of the wind. 


A commercial jet can fly 550 mph in calm air. Traveling with the jet 
stream, the plane flew 2400 mi in the same amount of time it takes to 
fly 2000 mi against the jet stream. Find the rate of the jet stream. 


A cruise ship can sail at 28 mph in calm water. Sailing with the gulf cur- 
rent, the ship can sail 170 mi in the same amount of time that 
it can sail 110 mi against the gulf current. Find the rate of the gulf 
current. 


Rowing with the current of a river, a rowing team can row 25 mi in the 
same amount of time it takes to row 15 mi against the current. The rate 
of the rowing team in calm water is 20 mph. Find the rate of the 
current. 


On a recent trip, a trucker traveled 330 mi at a constant rate. Because 
of road construction, the trucker then had to reduce the speed by 
25 mph. An additional 30 mi was traveled at the reduced rate. The total 
time for the entire trip was 7 h. Find the rate of the trucker for the first 
330 mi. 


APPLYING THE CONCEPTS 


38. 


39. 


One pipe can fill a tank in 2 h, a second pipe can fill the tank in 4 h, 
and a third pipe can fill the tank in 5 h. How long will it take to fill the 
tank with all three pipes working? 


Because of bad weather, a bus driver reduced the usual speed along a 
150-mile bus route by 10 mph. The bus arrived only 30 min later than 
its usual arrival time. How fast does the bus usually travel? 





\ 
384 mi 
r+ 36 
96 mi oo 
: 

2400 mi 
550 +r 

2000 mi 

550 
SZ ae; 
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Negations and_ The sentence “George Washington was the first president of the United States” is 
If... then a true sentence. The negation of that sentence is “George Washington was not 
Sentences the first president of the United States.” That sentence is false. In general, the 
negation of a true sentence is a false statement. 


The negation of a false sentence is a true sentence. For instance, the sentence 
“The moon is made of green cheese” is a false statement. The negation of that 
sentence, “The moon is not made of green cheese,” is true. 


The words all, no (or none), and some are called quantifiers. Writing the nega- 
tion of a sentence that contains these words requires special attention. Consider 
the sentence “All pets are dogs.” This sentence is not true because there are pets 
that are not dogs; cats, for example, are pets. Because the sentence is false, 
its negation must be true. You might be tempted to write “All pets are not dogs,” 
but that sentence is not true because some pets are dogs. The correct negation of 
“All pets are dogs” is “Some pets are not dogs.” Note the use of the word some in 
the negation. 


Now consider the sentence “Some computers are portable.” Because that sen- 
tence is true, its negation must be false. Writing “Some computers are not 
portable” as the negation is not correct, because that sentence is true. The nega- 
tion of “Some computers are portable” is “No computers are portable.” 


The sentence “No flowers have red blooms” is false, because there is at least one 
flower (some roses, for example) that has red blooms. Because the sentence is 
false, its negation must be true. The negation is “Some flowers have red blooms.” 


Statement 

All A are B. 
No A are B. 
Some A are B. 


Some A are not B. 


Write the negation of the sentence. 


1. 


11. 


13. 


All cats like milk. 

Some trees are tall. 

No houses have kitchens. 
All lakes are not polluted. 


Some speeches are interesting. 


All businesses are not profitable. 


Some vegetables are good for 
you to eat. 


Negation 

Some A are not B. 
Some A are B. 
NoA are B. 

All A are B. 


2. All computers need people. 
4. No politicians are honest. 
6. All police officers are tall. 
8. Some drivers are unsafe. 


10. All laws are good. 


12. All motorcycles are not large. 


14. Some banks are not open 
on Sunday. 
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A premise is a known or assumed fact. A premise can be stated using one of the 
quantifiers (all, no, none, or some) or using an If... then sentence. For instance, 
the sentence “All triangles have three sides” can be written “/f a figure is a tri- 
angle, then it has three sides.” 


. * ” 
We can write the sentence “No whole numbers are negative numbers” as an /f... 
then sentence: If a number is a whole number, then it is not a negative number. 


Write the sentence as an /f... then sentence. 


15. All students at Barlock College 16. All baseballs are round. 
must take a life science course. 


17. All computers need people. 18. All cats like milk. 

19. No odd number is evenly 20. No prime number greater than 
divisible by 2. 2 is an even number. 

21. No rectangles have five sides. 22. All roads lead to Rome. 

23. All dogs have fleas. 24. No triangle has four angles. 


Projects and Group Activities 


Intensity of You are already aware that the standard unit of length in the metric system is 

Illumination the meter (m) and that the standard unit of mass in the metric system is the 
gram (g). You may not know that the standard unit of light intensity is the can- 
dela (cd). 


The rate at which light falls on a 1-square-unit area of surface is called the inten- 
sity of illumination. Intensity of illumination is measured in lumens (lm). A 
lumen is defined in the following illustration. 


Picture a source of light equal to 1 cd positioned at the center of a hol- 
low sphere that has a radius of 1 m. The rate at which light falls on 
1 m* of the inner surface of the sphere is equal to 1 Im. If a light source 
equal to 4 cd is positioned at the center of the sphere, each square 
meter of the inner surface receives four times as much illumination, 
or 4 lm. 





Light rays diverge as they leave a light source. The light that falls on an area of 
1 m? at a distance of 1 m from the source of light spreads out over an area of 
4 m’ when it is 2 m from the source. The same light spreads out over an area 
of 9 m? when it is 3 m from the light source and over an area of 16 m2 when it is 
4 m from the light source. Therefore, as a surface moves farther away from the 
source of light, the intensity of illumination on the surface decreases from its 


fe 1 2 
value at 1 m to (5) , Or 7, that value at 2 m; to (5) OF 7 that value at 3 m; and 


2 
to (3) , or = that value at 4 m. 
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The formula for the intensity of 
illumination is 





Ss) 
v2 
Point source 
of light 





ie 


GS 


where J is the intensity of illumination in lumens, s is the strength of the light 
source in candelas, and r is the distance in meters between the light source and 
the illuminated surface. 


A 30-candela lamp is 0.5 m above a desk. Find the illumination on the desk. 





S 
f= 
30 
sears 


The illumination on the desk is 120 lm. 


1. A 100-candela light is hanging 5 m above a floor. What is the intensity of the 
illumination on the floor beneath it? 


2. A 25-candela source of light is 2 m above a desk. Find the intensity of illumi- 
nation on the desk. 


3. How strong a light source is needed to cast 20 lm of light on a surface 4 m 
from the source? 


4. How strong a light source is needed to cast 80 lm of light on a surface 5 m 
from the source? 


5. How far from the desk surface must a 40-candela light source be positioned 
if the desired intensity of illumination is 10 lm? 


6. Find the distance between a 36-candela light source and a surface if the inten- 
sity of illumination on the surface is 0.01 Im. 


7. Two lights cast the same intensity of illumination on a wall. One light is 6 m 
from the wall and has a rating of 36 candelas. The second light is 8 m from 
the wall. Find the candela rating of the second light. 


8. A 40-candela light source and a 10-candela light source both throw the same 
intensity of illumination on a wall. The 10-candela light is 6 m from the wall. 
Find the distance from the 40-candela light to the wall. 
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Chapter Summary 


Key Words 


Essential Rules 


A rational expression is a fraction in which the numerator or denominator is a 


polynomial. [p. 257] 


A rational expression is in simplest form when the numerator and denominator 


have no common factors. [p. 257] 


The reciprocal of a fraction is a fraction with the numerator and denominator 


interchanged. [p. 260] 


The least common multiple (LCM) of two or more numbers is the smallest num- 


ber that contains the prime factorization of each number. |p. 265] 


A complex fraction is a fraction whose numerator or denominator contains one 


or more fractions. |p. 


ZiT} 


A ratio is the quotient of two quantities that have the same unit. |p. 285] 


A rate is the quotient of two quantities that have different units. [p. 285] 


A proportion is an equation that states the equality of two ratios or rates. |p. 285] 


Similar triangles have the same shape but not necessarily the same size. [p. 286] 


A literal equation is an equation that contains more than one variable. |p. 293] 


A formula is a literal equation that states rules about measurement. |p. 293] 


To multiply rational numbers, multiply the numera- 
tors and multiply the denominators. |p. 254} 


To divide two fractions, multiply the dividend by the rec- 
iprocal of the divisor. [p. 260] 


To add fractions, write each fraction in terms of a com- 
mon denominator; then add the numerators. [p. 269] 





To solve an equation containing fractions, clear denominators by multiplying each 


side of the equation by the LCM of the denominators. [p. 281 |] 


To determine whether two triangles are similar, show that two angles of one 


triangle are equal to two angles of the other triangle. [p. 286] 


Equation for 
Work Problems 


Uniform Motion 
Equation 


Rate of 
Work 


Distance 


Rate 


time 


worked completed [p. 297] 


= time 
[ 


_ part of task 


p: 299] 
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e Chapter Review 
124°)? 


6a°b? 
2a pSx7 iF 





Simplify: 





16 
ae 5x — 2 
Simplify: ae 
Stra 
Sve 
16x°y? 
Simplify: ———-~ 
ue 24xy'° 








ee HO 23y.4 12)? - aya— 13y + 10 
Simplify: —=—-————- + 
Te es ae 18y? + 3y — 10 
1 
pea 
Simplify: ax 7 
— 


Solve T = 2(ab + bc + ca) for a. 








00m 
Solve i = for c. 
: ii 20x? — 45x ’ 40x° — 90x? 
Simplify: 6k 4 «12x? + 8x 


10. 


12. 


14. 


16. 
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: ao eH ie = 2 
Simplify: 15x + Tie 





x7 +x —- 30 


eS ae aa 





Sab Say. 


SUED aes eee 





Write each fraction in terms of the LCM of 
the denominators. 


Racal Bic eee ati 
12x? + 16x — 3’ 6x? + 7x — 3 











Cae a eee 
ONES an q 
SOS Se a ae 
ONE ae = x+4 
Ayes 2y 3 
Simplify: spat at 7 = 5y 
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Seige — Sata 3x + 4 
imply aes eae ee 
Solve 4x + 9y = 18 for y. 














Sas 20 cs EX 
Dees 2x + 3 
8 
Solve: = 
olve re aes 
Given that MP and NQ intersect at O, NO 


measures 25 cm, MO measures 6 cm, and PO 
measures 9 cm, find the length of QO. 


18. 


20. 


Z2. 


24. 


M 


Find the LCM of 10x*-—11x+3 and 


20x? — 17x + 3. 


2x2 —5x —-3 3x74+ 8% +4 
3x 1 =O Wee 





Simplify: 





Staple oe 
implily: aap as Ss Neen 
Solve: — = — 
Olve: ~ 80 

Q 
O PB 


One hose can fill a pool in 15 h. The second hose can fill the pool in 10 h. 
How long would it take to fill the pool using both hoses? 


A car travels 315 mi in the same amount of time in which a bus travels 
245 mi. The rate of the car is 10 mph faster than that of the bus. Find the 


rate of the car. 


The rate of a jet is 400 mph in calm air. Traveling with the wind, the jet can 
fly 2100 mi in the same amount of time it takes to fly 1900 mi against the 


wind. Find the rate of the wind. 


A pitcher's earned run average (ERA) is the average number of runs allowed 
in 9 innings of pitching. If a pitcher allows 15 runs in 100 innings, find the 


pitcher’s ERA. 
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x>+2x —3 2x2 -— 11x45 


Simplify: . 
SS comer 2x? + 3x —5 





Solve d = s + rt for t. 








ee eae 
Sate ee 
ix 
2 3 
Simplify: — 


vse = Il aye =e Il 


1 We 
See 
Simplify oak 
ie 

ea 
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5 
xt+4 x+6 





Solve the proportion: 


16x°y 
24x7y* 





Simplify: 


Solve: Y —-2=1 
x 


Find the LCM of 6x — 3 and 2x7 + x — 1. 


aoe tam 1 er 
Sx a x 215 





Simplify: 


Write each fraction in terms of the LCM of 
the denominators. 

3 5 
2 x A 
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\ 
D3 4 
i ify: 14. Solve 3x — 8y = 16 for y. 
sues aes a0 a aI POST TRG - 
= abiliee ay Se BEN xx. 2 
Solve ‘a 3= Saree 16. Simplify: ee eo xy 


Given AE || BD, AB measures 5 ft, ED mea- e 
sures 8 ft, and BC measures 3 ft, find the 
B D 
length of CE. 
A E 


A saltwater solution is formed by mixing 4 lb of salt with 10 gal of water. 
At this rate, how many additional pounds of salt are required for 15 gal 
of water? 


A pool can be filled with one pipe in 6 h, whereas a second pipe requires 
12 h to fill the pool. How long would it take to fill the pool with both pipes 
turned on? 


A small plane can fly at 110 mph in calm air. Flying with the wind, the plane 
can fly 260 mi in the same amount of time it takes to fly 180 mi against the 
wind. Find the rate of the wind. 


A landscape architect uses three sprinklers for each 200 ft? of lawn. At this 
rate, how many sprinklers are needed for a 3600-square-foot lawn? 
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e Cumulative Review 


2 
Simplify: (2) + (3 = 2) +5 


Simplify: —2x"— (—3y) + 7x = dy 


Solve: 4 — =x = 7 


Find 165% of 60. 
Simplify: (a — 3b)(a + 4b) 


Simpy: @ -— 8) = (@ = 2) 
Factory — iy + 6 


Factor: 4b? — 100 


LNG 


12k y 
18xy’ 





Simplify: 


10. 


12. 


14. 


16. 


18. 


Cumulative Review 313 


Evaluate —a? + (a — b)? when a = —2 and 


b = 3. 


Simplify: 2[3x — 7(« — 3) — 8] 


Solve: 3[x = 2@-= 3)] = 26 = 2x) 


Simplify: (a’b°)(ab’) 


150 ob 0D 
5b 


Simplify: 
Factor: 12x? — x — 1 
Factor: 2a? + 7a? — 15a 


Solve: (« + 3)(2x — 5) =0 


i eh eel 
Simplify: ks Heap oeed 
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4 — 56 x — 13a 40 2 1 
ee til a nes Simo ma 
SUE aa K+ 8x 7 5 cee ist AS ra Sinaalty 20 nine eel 
2 15 
ee Bee 3x 10 
Simplify: —— 22; Solve: 3 a ai me 
La 
x 
Solve the proportion: eis 24. Solve f=v + at fort 
on "x-2 x+3 j 


Translate “the difference between five times a number and thirteen is the 
opposite of eight” into an equation and solve. 


A silversmith mixes 60 g of an alloy that is 40% silver with 120 g of another 
silver alloy. The resulting alloy is 60% silver. Find the percent of silver in the 
120-gram alloy. 


The length of the base of a triangle is 2 in. less than twice the height. The 
area of the triangle is 30 in’. Find the base and height of the triangle. 


A life insurance policy costs $16 for every $1000 of coverage. At this rate, 
how much money would a policy of $5000 cost? 


One water pipe can fill a tank in 9 min, whereas a second pipe requires 
18 min to fill the tank. How long would it take both pipes, working 
together, to fill the tank? 


The rower of a boat can row at a rate of 5 mph in calm water. Rowing with 
the current, the boat travels 14 mi in the same amount of time it takes to 
travel 6 mi against the current. Find the rate of the current. 
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Linear Equations in 
Chapter _Two Variables 


Section 7.1 


A To graph points in a rectangular coordinate 
system 


To determine ordered-pair solutions of an 
equation in two variables 


B 

C To determine whether a set of ordered pairs 
is a function 

D 


To evaluate a function written in functional 
notation 


Section 7.2 





A To graph an equation of the form 


y=mx+b 
B To graph an equation of the form 

Ax By : Real data does not provide just the past and present 
C To solve application problems conditions of a situation; it can also give a possible glimpse 
Section 73 into the future. Tables and graphs are used to analyze data 


over many years and reveal certain trends. If graphed data 
points fall in a straight line, then a linear model, like the one 
shown in Exercise 15 on page 364, can be determined and 
used to estimate possible future data points. For example, 
annual college tuition may approximate a linear model; this 
information can be used to plan for future college tuition and 
Section 7-4 to save accordingly. 


A. To find the equation of a line given a point 
and the slope 

B_ To find the equation of a line given two 
points 

C To solve application problems 


A To find the x- and y-intercepts of a straight 
line 7.) 

B. To find the slope of a straight line 

C To graph a line using the slope and the 
y-intercept 


Need help? For online student resources, such as section 
quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 
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Objective A 
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The Rectangular 
Coordinate System 


To graph points in a rectangular coordinate system 





On 
‘Gay 


Before the 15th century, geometry and algebra were considered separate 
branches of mathematics. That all changed when René Descartes, a French 
mathematician who lived from 1596 to 1650, founded analytic geometry. In this 
geometry, a coordinate system is used to study relationships between variables. 


A rectangular coordinate system is formed by 
two number lines, one horizontal and one verti- 
cal, that intersect at the zero point of each line. 


QuadrantJ.. 5|..... Ouadrant.t 
cen A are 
horizontal 3} vertical’ 





The point of intersection is called the origin. pe igion 2 Aisne 
The two lines are called coordinate axes, or ae ae 
simply axes. =5-4-3-2-10|\1 2 3 4 5 
sey Orig 
wenn Bn ern 
The axes determine a plane, which can be potent ct A a ae 
thought of as a large, flat sheet of paper. The two Casdetm | Ouediant 


axes divide the plane into four regions called 
quadrants, which are numbered counterclock- 
wise from I to IV. 


Each point in the plane can be identified by a pair of numbers called an 
ordered pair. The first number of the pair measures a horizontal distance 
and is called the abscissa. The second number of the pair measures a vertical 
distance and is called the ordinate. The coordinates of the point are the 
numbers in the ordered pair associated with the point. The abscissa is also 
called the first coordinate of the ordered pair, and the ordinate is also called 
the second coordinate of the ordered pair. 


Horizontal distance gtac) en ee Vertical distance 


Ordered pair ——> (2, 3) 


Abscissa see ee Ordinate 


To graph or plot a point in the plane, place a dot at the location given by the 
ordered pair. The graph of an ordered pair is the dot drawn at the coordinates 
of the point in the plane. The points whose coordinates are (3, 4) and (—2.5, —3) 
are graphed in the figures below. 







mowed 
25 left 
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The points whose coordinates are (3, —1) 
and (—1, 3) are graphed at the right. Note 
that the graphed points are in different 
locations. The order of the coordinates of an 
ordered pair is important. 


'TAKE NOTE 

_ This is very important. 
_ An ordered pair is a 

_ pair of coordinates, and 
- the order in which the 

_ coordinates appear is 








The coordinates of B are (4, 4). 
The abscissa of C is —1. 
The ordinate of D is 1. 




















_ crucial. 
Each point in the plane is associated with 
an ordered pair, and each ordered pair is 
associated with a point in the plane. Al- 
though only the labels for integers are 
given on a coordinate grid, the graph of soa A ee Panitomth 
any ordered pair can be approximated. “han 
For example, the points whose coordinates inf 
are (—2.3, 4.1) and (z, 1) are shown on the 
graph at the right. 
Rae 1 Graph the ordered pairs You Try It 1 Graph the ordered pairs 
Geis) iS, 2), (Or a2); aay, —3), (0,4), and 
and (3, 0). (—3, 0). 
Solution Your solution 
| UN et Sena ees saa heegs Sa Sawa de wid bt 4 | SE nna Lt meen TaP MIN Rup ecr rt SA Tyo. 
“Example 2. Give the coordinates of the Hou Try It 2 Give the coordinates of the 
points labeled A and B. points labeled A and B. Give 
Give the abscissa of point C the abscissa of point D and 
and the ordinate of point D. 
Solution The coordinates of A are (—4, 2). Your solution 


Solutions on p. S17 
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To determine ordered-pair 
solutions of an equation in two variables 





) 


ae 


When drawing a rectangular coordinate system, we often label the horizontal 
axis x and the vertical axis y. In this case, the coordinate system is called an 
xy-coordinate system. The coordinates of the points are given by ordered 


pairs (x, y), where the abscissa is called the x-coordinate and the ordinate is 
called the y-coordinate. 


A coordinate system is used to study the relationship between two variables. 


Frequently this relationship is given by an equation. Examples of equations in 
two variables include 


y=2x-3 3x + 2y =6 x —y=0 


A solution of an equation in two variables is enuar dares pair (x, y) whose coor- 
dinates make the equation a true statement. 


=> Is (—3, 7) a solution of y = —2x + 1? 
i ea og 


7 | —2(—3) il e Replace x by —3; replace y by 7. 
Ona 


7 e The results are equal. 

(—3, 7) is a solution of the equation y = —2x + 1. 
Besides (—3, 7), there are many other ordered-pair solutions of y = —2x + 1. 
For example, Og (-3, 4), and (4, —7) are also solutions. In general, an equa- 


tion in two variables has an infinite number of solutions. By choosing any 
value of x and substituting that value into the equation, we can calculate a 
corresponding value of y. 


=» Find the ordered-pair solution of y = Sx — 3 that corresponds to x = 6. 


2 
y= oe a 
2 
= 3) —3 e Replace x by 6. 
= 4 — 3 =] © Simplify. 


The ordered-pair solution is (6, 1). 


The solutions of an equation in two variables can be graphed in an xy-coordinate 
system. 


> Graph the ordered-pair solutions of y= —2e 7 t when 4 — 22, 1 O1 
and 2. 


Use the values of x to determine ordered-pair solutions of the equation. It is 
convenient to record these in a table. 
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\ 
Example 3 | i wre’ You Try It | 
UIs (ae) 2 solution of 3x — 4y= 15? Is (—2, 4) a solution of x - eae as 
steeiddan Your solution 
Bax Ap = tS 
3(3) i 4(—2) “155 e Replace x by 3 and y 
RTA Aisha rata ore 
17415_ 
No. (3, =2) is not a solution of 
3x — 4y = 15. 
POR eee meee merece ener sree reer eee e esse seers sere ee eee eee reese eee eee HEeeeeHe HEHEHE OEE EE EEE EEE EE EEE ES HH Eee 
| Example 4 You Try It 4 
Graph the ordered-pair solutions of Graph the ordered-pair solutions of 
12> 3y= 6 when. x = =—3,0;3;and 6: x + 2y = 4 when x = —4, —2, 0, and 2. 
- Solution . : Your solution > 
Bek oy = 0 — ® Solve 2x = 3y = 6 for y. y 
By = 2x + 6 gra yt 
; 2 
y= a = oo 
: Solutions on p. S17 
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To determine whether a set of ordered pairs is a function 





Discovering a relationship between two variables is an important task in the 
application of mathematics. Here are some examples. 


° Botanists study the relationship between the number of bushels of wheat 
yielded per acre and the amount of watering per acre. 

e Environmental scientists study the relationship between the incidents of skin 
cancer and the amount of ozone in the atmosphere. 

e Business analysts study the relationship between the price of a product and 
the number of products that are sold at that price. 


Each of these relationships can be described by a set of ordered pairs. 


Definition of a Relation 


A relation is any set of ordered pairs. 





The following table shows the number of hours that each of 9 students spent 
studying for a midterm exam and the grade that each of these 9 students 
received. 





This information can be written as the relation 
£(3),78)9(G.5, 6D) (201510), (2, 65),.(4,,85), (45,,85),4(3, 80), (2.5, 75)) (3; 90)} 


where the first coordinate of the ordered pair is the hours spent studying and the 
second coordinate is the score on the midterm. 


The domain of a relation is the set of first coordinates of the ordered pairs; the 
range is the set of second coordinates. For the relation above, 


Domain?=-(2, 2.552275, 3, 3.5, 4,45, 5} Range = {65, 70, 75, 78, 80, 85, 90} 


The graph of a relation is the graph of the S 
ordered pairs that belong to the relation. The 
graph of the relation given above is shown at 
the right. The horizontal axis represents the 
hours spent studying (the domain); the vertical 
axis represents the test score (the range). The 
axes could be labeled H for hours studied and S 
for test score. 


Score 





ees) Ee ES) 


Hours 


A function is a special type of relation in which no two ordered pairs have the 
same first coordinate. 


Definition of a Function 


A function is a relation in which no two ordered pairs have the same first coordinate. 
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The table at the right is the grading scale for a 100-point 
test. This table defines a relationship between the score 
on the test and a letter grade. Some of the ordered pairs of 
this function are (78, C), (97, A), (84, B), and (82, B). 


The grading-scale table defines a function, because no two ordered pairs can 
have the same first coordinate and different second coordinates. For instance, it 
is not possible to have the ordered pairs (72, C), and (72, B)—same first coordi- 
nate (test score) but different second coordinates (test grade). The domain of this 
function is {0, 1, 2,..., 99, 100}. The range is {A, B, C, D, F}. 


The example of hours spent studying and test score given earlier is not a func- 
tion, because (3, 78) and (3, 80) are ordered pairs of the relation that have the 
same first coordinate but different second coordinates. 


Consider, again, the grading-scale example. Note that (84, B) and (82, B) are 
ordered pairs of the function. Ordered pairs of a function may have the same 
second coordinates but not the same first coordinates. 


Although relations and functions can be given by tables, they are frequently 
given by an equation in two variables. 


The equation y = 2x expresses the relationship between a number, x, and 
twice the number, y. For instance, if x = 3, then y = 6, which is twice 3. To 
indicate exactly which ordered pairs are determined by the equation, the do- 
main (values of) is specified. If x € {—2, —1, 0.1, 2) then the ordered pars 
determined by the equation are {(—2,—=4), (—1, —2Z),(0, O12) es 
relation is a function because no two ordered pairs have the same first 
coordinate. 





The graph of the function y = 2x with domain 
{-2, —1, 0, 1, 2} is shown at the right. The hori- 
zontal axis (domain) is labeled x; the vertical axis 
(range) is labeled y. 


The domain {=2, —1,.0;1,; 2} was chosen»arbi- 
trarily. Other domains could have been selected. 
The type of application usually influences the 
choice of the domain. 





For the equation y = 2x, we say that “y is a function of x” because the set of 
ordered pairs is a function. 


Not all equations, however, define a function. For instance, the equation 
|y| =x + 2 does not define y as a function of x. The ordered pairs (2, 4) and 
(2, —4) both satisfy the equation. Thus there are two ordered pairs with the same 
first coordinate but different second coordinates. 
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Example 5 hii Try It 5 

2 The numbers of gold medals earned by Six students decided to go on a diet and fitness 
hiqer several countries during the 1996 and program over the summer. Their weights (in 

2000 Olympic Summer Games are recorded in pounds) at the beginning and end of the 


the following table. program are given in the table below. 





Write a relation wherein the first coordinate is Write a relation wherein the first coordinate is 
the number of gold medals earned in 1996 and the weight at the beginning of the summer and 
the second coordinate is the number earned in the second coordinate is the weight at the end 
2000. Is the relation a function? of the summer. Is the relation a function? 
Solution Your solution 


{(44, 40), (3, 3), (16, 28), (13, 13), (15, 13), (20, 17)} 


Yes. The relation is a function. No two ordered 
pairs have the same first coordinate. 


peeee 6 ES Try It 6 


Does y = x”? + 3, where x € {—2, —1, 1, 3}, 1 
; , —+5 + 1, where x € {—4, 0, 2}, 
define y as a function of x? an RE prey J 


define y as a function of x? 


Solution Your solution 
Determine the ordered pairs defined by the 

equation. Replace x in y = x* + 3 by the given 

values and solve for y. 


4G22; 7); Gals 4), (1, 4), (35 12)} 


No two ordered pairs have the same first 
coordinate. Therefore, the relation is a function 
and the equation y = x* + 3 defines y as a 
function of x. 


Note that (—1, 4) and (1, 4) are ordered pairs 
that belong to this function. Ordered pairs ofa 
function may have the same second coordinate 
but not the same first coordinate. 


Solutions on p. S17 
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Objective D 





To evaluate a function written in functional notation | 2 


When an equation defines y as a function of x, functional notation is frequently 
used to emphasize that the relation is a function. In this case, it is common to 
use the notation f(x), where 


f(x) is read “f of x” or “the value of f at x.” 


For instance, the equation y = x* + 3 from Example 6 defined y as a function 
of x. The equation can also be written in functional notation as 


(a) = 3 
where y has been replaced by f(x). 


The symbol f(x) is called the value of the function at x because it is the result 
of evaluating a variable expression. For instance, f(4) means to replace x by 4 and 
then simplify the resulting numerical expression. 


f(s) =2t3 
fA) = ? + 3 Replace x by 4. 
= 16+3=19 


This process is called evaluating the function. 


=» Given f(x) = x? + x — 3, find f(—2). 
f(x) =x? +x-3 
f(—2) = (—2)? + (-2) - 3 © Replace x by —2. 
=4-2-3=-1 
f=2)it 
In this example, f(—2) is the second coordinate of an ordered pair of the func- 


tion; the first coordinate is —2. Therefore, an ordered pair of this function is 
(=2,,f(—2)), or, because f(—2) = —1, (2-1): 


For the function given by y = f(x) =x? +x — 3, y is called the dependent 
variable because its value depends on the value of x. The independent variable 
1SeA, 





Functions can be written using other letters or even combinations of letters. For 
instance, some calculators use ABS(x) for the absolute-value function. Thus the 
equation y = |x| would be written ABS(x) = |x|, where ABS(x) replaces y. 





‘HET 7 hi Try It 7 


Given G(t) = a, find G(1). 








Given H(x) = ——, find (8). 


x — 4’ 


Solution : Your solution 
Gi) = 
G(1) = au © Replace f by 1. Then simplify. 
3 
G(1) = = 


Solution on p. S17 
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7.1 Exercises 


Objective A 





i Graph (—2,-1);.(3, —5) 
(—2, 4), and (ORS): 


, 








4. Graph (—4, 5), (—3, 1), 
(3, —4), and (5, 0). 





7. Find the coordinates of 
each of the points. 





10. Find the coordinates of 
each of the points. 





4 
- A 
2 
C ———- = 
Ao) 2 4 
= D 
® 
-4 
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2... Graph (5, —1), (—3, —3), 
(1,0), and (1, —1). 





4 
D 
—— 
he A) las? | 
=2 
4 


5. Graph (—1, 4), (—2, —3), 
(0, 2), and (4, 0). 





8. Find the coordinates of 
each of the points. 


Pei Ad oetees 


544 





11. a. Name the abscissas 
of points A and C. 

b. Name the ordinates 
of points B and D. 








4 7A 
21B 

ae 

15: 

HA. =2)...0 2 4 
a nD) 

i@ 

-4 


3. Graph (0, 0), (0, —5), 
(= 35,0),,and4( 0,92): 


4 


DZ 





ye Oe eee 
ay) 


6. Graph (5, 2), (—4, —1), 
(0, 0), and (0, 3). 





4 
Di P 
= 
2472? 0) woe ae 
2 
a4 





9. Find the coordinates of 
each of the points. 





12. a. Name the abscissas 
of points A and C. 

b. Name the ordinates 
of points B and D. 
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13. Suppose you are helping a student who is having trouble graphing 
© ordered pairs. The work of the student is at the right. What can you say 
“<4 to this student to correct the error that is being made? 


14. a. What are the signs of the coordinates of a point in the third quadrant? 
b. What are the signs of the coordinates of a point in the fourth quadrant? 


c. On an xy-coordinate system, what is the name of the axis for which all 
the x-coordinates are zero? 


d. On an xy-coordinate system, what is the name of the axis for which all 
the y-coordinates are zero? 





Objective B 


15. Is (3, 4) a solution of y = —x + 7? 16. Is (2, —3) a solution of y = x + 5? 

17. Is(@1, 2) asolutionof y =5x = hi? 18. Is(1, —3) a solution of y = —2x — 1? 
19. Is (4, 1) a solution of 2x — 5y = 4? 20. Is (—5, 3) a solution of 3x — 2y = 9? 
21. Is (0, 4) a solution of 3x — 4y = —4? 22. Is(=—2,.0) asolution of 7-4 2), =—17 


Graph the ordered-pair solutions of each equation for the given values of x. 


23.4) = 26 4 = 2; —1;.0;2 24. y= —2x;x% = —2,—1,.0, 2 25. yee ta 5 








26, y= —x% 24 = —3).0, 3 21s 20 Sy = 6; x ='—3,,0,.3 28. 
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The table below shows the length, in centimeters, of the humerus (long 
bone of the forelimb, from shoulder to elbow) and the total wingspan, in 
centimeters, of several pterosaurs, which are extinct flying reptiles of the 
order Pterosauria. Write a relation where the first coordinate is the length 
of the humerus and the second is the wingspan. Is the relation a function? 





The table below, based in part on data from the National Oceanic and 
Atmospheric Administration, shows the average annual concentration of 
atmospheric carbon dioxide (in parts per million) and the average sea sur- 
face temperature (in degrees Celsius) for eight consecutive years. Write a 
relation wherein the first coordinate is the carbon dioxide concentration 
and the second coordinate is the average sea surface temperature. Is the 
relation a function? 








The ratings (each rating point is 1,008,000 households) 
and share (the percentage of television sets in use tuned 
to a specific program) for selected television programs 
for a week in September 2000 are shown in the table at 
the right. Write a relation wherein the first coordinate is 
the ratings and the second coordinate is the share. Is the 
relation a function? 


327 





Source: Nielsen Media Research, September 2000. 
From ytv.yahoo.com/nielsen, January 21, 2001. 


The average time it takes to commute to work in six 
cities and the average number of days with some pre- 
cipitation in those cities are given in the table at the 
right. Write a relation wherein the first coordinate is the 
average commute time and the second coordinate is 
the average number of days with some precipitation. Is 
the relation a function? 





33. Does y = —2x — 3, where 34. 
x € {—2, -1,0, 3}, define y as a function 
of x? 


354 Docs s\y,| =~ — 1, where x € 11, 2, 3, 4), 36. 
define y as a function of x? 


37, Does y= x, where x €{—-2,—1, 0, 1, 2D 38. 
define y as a function of x? 


Source: Money Magazine website, June 22, 2001. 
From www.money.com/money/depts/real_estate. 


Doeshy = 2% +10) wheres C12 aal, bay, 
define y as a function of x? 


Does |y| =x +2, where x € {—2, —1, 0, 3}, 
define y as a function of x? 


Docsiy = = 1, where ve {-2, 107 an 
define y as a function of x? 


328 





39. 


41. 


43. 


45. 


47. 


49. 


0 I 


53. 


4 
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Given f(x) = 3x — 4, find f(4). 40. Given f(x) = 5x + 1, find f(2). 

Given f(x) = x’, find f(3). 42, Given fa) =x — 1; tind:f (1): 

Given G(x) = x? + x, find G(—2). 44, Given HG) =x — +, find H(-2). 

Given s(t) = ano finds.) 46. Given P(x) = eviews find P(—2). 
i=l 2 tie a | 


Given h(x) = 3x? — 2x + 1, find h(3). 48. Given O(r) = 4r — r — 3, find Q(2). 
Given f(x) = ——, find f (-3) 50%,Ghemeiie =) cue) 
eae : - Given v() = 5, find v(3). 
Given 2(4) =x —x + 2x — 7, find g(0). 52. Given F(z) = Sear find F (0). 
qj 


APPLYING THE CONCEPTS 


Write a few sentences that describe the similarities and differences 
between relations and functions. 


The graph of y* = x, where x € {0, 1, 4, 9}, is shown at the right. Is this the 
graph of a function? Explain your answer. 


Is it possible to evaluate f(x) = A when x = 1? If so, what is f(1)? If 
not, explain why not. 
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Linear Equations in Two Variables 


To graph an equation of the form y=mx+b 





The graph of an equation in two variables is a graph of the ordered-pair solu- 
tions of the equation. 


Consider y = 2x + 1. Choosing 
oe te OF tee and. 2. and 
determining the corresponding 
values of y produces some of the 
ordered pairs of the equation. 
These are recorded in the table 
at the right. See the graph of the 
ordered pairs in Figure 1. 





Choosing values of x that are not integers produces more ordered pairs to 
5 1 : é 
graph, such as (-3, -4) and (3 4), as shown in Figure 2. Choosing still other 


values of x would result in more and more ordered pairs being graphed. The 
result would be so many dots that the graph would appear as the straight line 
shown in Figure 3, which is the graph of y = 2x + 1. 





Figure 1 Figure 2 Figure 3 
Equations in two variables have characteristic graphs. The equation y = 2x + 1 
is an example of a linear equation, or linear function, because its graph is a 


straight line. It is also called a first-degree equation in two variables because the 
exponent on each variable is the first power. 


Linear Equation in Two Variables 


Any equation of the form y = mx + b, where mand bare constants, is a linear equa- 


tion in two variables, or a first-degree equation in two variables. The graph of a linear 
equation in two variables is a straight line. 





Examples of linear equations are yi 2a ol (m= 2,b=1) 
shown at the right. These equations y=x-4 (m= 1,b=-4) 
represent linear functions because 3 3 

there is only one possible y for each x. Sa hee (™ = ey b= 0) 
Note that for y = 3 — 2x, m is the 

coefficient of x and b is the constant. y=3- 2x (m = —2,b = 3) 


The equation y = x* + 4x + 3 is not a linear equation in two variables because 





2 7 is not a linear 


there is a term with a variable squared. The equation y = ‘ 


equation because a variable occurs in the denominator of a fraction. 
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[Ag] 





To graph a linear equation, choose some values of x and then find the corre- 
sponding values of y. Because a straight line is determined by two points, it is 


gar 


The Projects and Group 


Activities at the endboftaia sufficient to find only two ordered-pair solutions. However, it is recommended 
chapter contain information that at least three ordered-pair solutions be used to ensure accuracy. 

on using calculators to graph 

an equation. 


=> Graph y = -Sx eee 


This is a linear equation with m = a and b = 2. Find at least three solutions. 


Because m is a fraction, choose values of x that will simplify the calculations. 
We have chosen —2, 0, and 4 for x. (Any values of x could have been selected.) 





The graph of y = -Sx + 2 is shown at 
the right. 


Remember that a graph is a drawing of the ordered-pair solutions of the equa- 
tion. Therefore, every point on the graph is a solution of the equation, and every 
solution of the equation is a point on the graph. 


The graph at the right is the graph of 
y =x + 2. Note that (—4, —2) and G, 3) 
are points on the graph and that these 
points are solutions of y =x + 2. The 
point whose coordinates are (4, 1) is not 
a point on the graph and is not a solu- 
tion of the equation. 





i eh ae z,| : 
Bs 2a Desert pe mia iage Me Ge 2 ite Ry AEN Cte Siete eee 88 ° see e ee 
isa bt) aye Sie ed te 


a oeari (ae aS Sais aes Bets 


wee eeee see eee 2; 8: 81/0) 0 018 (ele, 60) @) #6 8/16: aN8) wLeile telereite 


Fou ty it “Graph y= = 3x + 1. 





"Solution byode solution 





eH 





scree i cae ear Solution on p. S17 
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CC ee te Ce er ey CC Ce Ce ee oe ° ° Cs ICY TNR ER ON OISY et DCCC Ter i CSC aT tS 
eeece QQ yO 320) 24 
. eoeeeeoeoe pee eee eeccrerecersr eve eseeees . 


Reims 2 Graph y = 2x. “You Try It 2 






Solution y a S - Your solution 





Bete 3 “You Try It 3 
1 
Graph y = 5x — 1. Graph y = Deng 


SLL 8 a a ee Your solution) | 140 S 3 Geile ake 





Solutions on p. S17 


To graph an equation of the form Ax + By = C 








rhevequation Ax By =C, where 2x + 3y=6 (A=2,58 =3,C=6) 


A, B, and C are constants, is alsoa x-2y=-4 (A=1,B=~—2,C=—4) 
linear equation. Examples of these 2x +y=0 (A=2,B=1,C =0) 
equations are shown at the right. 4x-Sy=2 (A=4,B=—5,C =2) ! 


To graph an equation of the form Ax + By = C, first solve the equation for y. 
Then follow the same procedure used for graphing y = mx + b. 


=> Graph 3x + 4y = 12. 


3x + 4y = 12 © Solve for y. 
4y = —3x + 12 © Subtract 3x from each side of the equation. 





® Divide each side of the equation by 4. 


¢ Find three ordered-pair solutions of the equation. 


e Graph the ordered pairs and then draw a | 
line through the points. 
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The graph of a linear equation with one of the variables missing is either a hor- 
izontal or a vertical line. 


The equation y = 2 could be written 0-x + y = 2. Because 0: x = 0 for any 
value of x, the value of y is always 2 no matter what value of x is chosen. For 
instance, replace x by —4, by —1, by 0, and by 3. In each case, y = 2. 





Ox +y =2 
O(-4) +y = 2 (—4, 2) is a solution. 
O(-1) +y =2 (—1, 2) is a solution. 
0(0) + y= 2 (0, 2) is a solution. 
0(3) +y =2 (3, 2) is a solution. 


The solutions are plotted in the graph at the right, 
and a line is drawn through the plotted points. Note 
that the line is horizontal. 





Graph of a Horizontal Line 


The graph of y = bis a horizontal line passing through (0, 5). 





The equation x = —2 could be written x + 0-y = —2. 
Because 0: y = 0 for any value of y, the value of x is 
always —2 no matter what value of y is chosen. For 
instance, replace y by —2, by 0, by 2, and by 3. In each 








case, 4 — — 2) 
Kays? Bs 
ge te OG) Se (=24 —? is a. solution: age 
x + 0(0) = -2 (=2, 0).1s a solution. ee 
x +02) = —2 (=2, 2) 1s a. solution. ‘ 
Ke aS (—2, 3)us a solution: 7 a er ee 
The solutions are plotted in the graph at the right, and =2 


a line is drawn through the plotted points. Note that 
the line is vertical. 


Graph of a Vertical Line 


The graph of x = ais a vertical line passing through (a, 0). 





*» Graph x = —3 and y = 1 on the same coordinate grid. 


® The graph of x = —3 is a vertical line passing through 
(—3, 0). 





© The graph of y = 1 is a horizontal line passing through (0, 1). 
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Fcmcm rice =Acl ey eWie ieee Fel/el, WifeteneWe) folie) festarie eve telia\ 'e)3\i0 4<-vous ere tore, ee hc ee 
REO RNO! O19 Te! /e(0\ a. "ere Nel 1618) (8) 0) a le) 6 I 

i 7 : 

Ve eS te ee eS SOE OTS OE EO NOt ae ee at ae rr ee a 


‘Example 4 Graph 2x — 5y = 10. "You Try It 4 Graph 5x — 2y = 10. 


Solution 
2x, = 5y = 10 
—5y = -2x + 10 






Your solution 




















eeeeeec eo oo eee 


‘Example 5 Graph % + .2y = 6. he Try It 5 Graph.x — 3y = 9. 

Solution 

x+2y=6 
Ti © 


Your solution 


1 
5A a ane a 








3 
Se 








| 
bo 
— f W 


‘Example 6 Graph y = —2. he Try It 6 Graph y = 3. 






Solution Your solution 
The graph of an equation of the form y = b isa 
horizontal line passing through the point (0, b). 











eee 7 Graph x = 3. ian Try It 7 Graph x = —4. 


Solution Your solution é 
The graph of an equation of the form x =aisa 
vertical line passing through the point (a, 0). 











Solutions on p. S18 
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Objective C To solve application problems 





There are a variety of applications of linear functions. 


=» Solve: An installer of marble kitchen countertops charges $250 plus $180 per 
foot of countertop. The equation that describes the total cost, C, to have x feet 
of countertop installed is C = 180x + 250. 


a. Graph this equation for 0 =x = 25. (Note: In many applications, the 
domain of the variable is given so that the equation makes sense. For 
instance, it would not be sensible to have values of x that are less than 0. 
This would mean negative countertop! The choice of 25 is somewhat arbi- 
trary, but most kitchens have less than 25 ft of counter space.) 


b. The point whose coordinates are (8, 1690) is on the graph. Write a sentence 
that describes this ordered pair. 


Solution 


a. 


——>T.) 


4000 


3000 } 


2000 


Cost (in dollars) 


1000 
(0, 250) 








Feet 





i ie 
SOM e2025 


© Choosing x = 0, 5, and 10, you find that the 
corresponding ordered pairs are (0, 250), 
(5, 1150), and (10, 2050). Plot these points 
and draw a line through them. 


b. The point whose coordinates are (8, 1690) means that 8 ft of countertop 


costs $1690 to install. 


@ Si elia eB 066) 6501/6 [eee 61010). 6 0 ae) 6, 6) oe 0) 6. © © 0 02) 0, 606 6 6 whe 60. 6 0.10, 6 6 9 6 0 6. 


Example 8 

A local car dealer is advertising a 2-year lease 
for a new Honda Civic. The upfront cost is 
$3000 with a monthly lease payment of $150. 
The total cost, C, after x months of the lease is 
given by C = 150x + 3000. Graph this equation 
for 0 S$ x < 24. The point whose coordinates 
are (18, 5700) is on the graph. Write a sentence 
that describes this ordered pair. 






Solution 
hae nee The ordered pair 
7000 “(18° $700) ae (18, 5700) means 
. Tiseeuy ainee that the total cost 
Ss Be ae of the lease 
3 3000 payments for 18 
Pees months is $5700. 
1000 See tacts 
10 20 
Months 


ta Try It 8 
A car is traveling at a uniform speed of 
40 mph. The distance, d, the car travels in 
t hours is given by d = 40¢. Graph this 
equation for 0 = ¢t < 5. The point whose 
coordinates are (3, 120) is on the graph. 
Write a sentence that describes this 
ordered pair. 


Your solution 


Distance (in miles) 





[2332 Bas 


Time (in hours) 


Solution on p. S18 
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7.2 Exercises 


10. y=-5x43 
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2 y=-2x4+2 3; 


it: y=27 —4 i dy, 


335 
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13. y=x4—3 











Objective B 





Graph. 


19. 3x+y=3 20. 





— > X 





223k Ly 4 23. x= 2) = 4 24. x-3y= 
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25. 26. 3x —-2y=8 2TW2k + By 10 
28. 3x + 4y=12 29. x=3 
31. x+4y=4 32. 4x — 3y = 12 
y 
mr 
34. x= -2 35. 
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"Objective C 





38. 
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Application Problems 


A rescue helicopter is rushing at a constant speed of 150 mph to reach sev- 
eral people stranded in the ocean 11 mi away after their boat sank. The 
rescuers can determine how far they are from the victims using the equa- 
tion D = 11 — 2.5t, where D is the distance in miles and ¢ is the time 
elapsed in minutes. Graph this equation for 0 <= ¢ S 4. The point (3, 3.5) 
is on the graph. Write a sentence that describes the meaning of this 
ordered pair. 


A custom-illustrated sign or banner can be commissioned for a cost of $25 
for the material and $10.50 per square foot for the artwork. The equation 
that represents this cost is given by y = 10.50x + 25, where y is the cost 
and x is the number of square feet in the sign. Graph this equation for 
0 <x <= 20. The point (15, 182.5) is on the graph. Write a sentence that 
describes the meaning of this ordered pair. 


According to some veterinarians, the age, x, of a dog can be translated to 
“human years” by using the equation H = 4x + 16, where H is the human 
equivalent age for the dog. Graph this equation for 2 < x <= 21. The point 
whose coordinates are (6, 40) is on this graph. Write a sentence that 
explains the meaning of this ordered pair. 


Judging on the basis of data from Cahners In-Stat Group, the projected 
number of global wireless subscriptions for the years 2000 to 2004 can be 
approximated by the equation S = 280x + 300, where 0 = x <4 and 0 
corresponds to the year 2000. Graph the equation. The point whose coor- 
dinates are (2, 860) is a point on the graph. Write a sentence that explains 
the meaning of this ordered pair. 


APPLYING THE CONCEPTS 


41, 
a 


A 


42. 





44. 


Graph y = 2x — 2,y = 2x, and y = 2x + 3 in the first coordinate system 
at the right. What observation can you make about the graphs? 


For the equation y = 3x + 2, when the value of x changes from 1 to 2, _ 


does the value of y increase or decrease? What is the change in y? Suppose 
that the value of x changes from 13 to 14. What is the change in y? 


Graph y=x + 3,y=2x + 3, and y= 54 + 3 in the second coordi- 


nate system at the right. What observation can you make about the 
graphs? 


For the equation y = —2x + 1, when the value of x changes from 1 to 2, 
does the value of y increase or decrease? What is the change in y? Suppose 
the value of x changes from 13 to 14. What is the change in y? 


Bose sy 


Distance (in miles) 





De et 
Time (in minutes) 


200 | (15; 182.5) 9 


Cost (in dollars) 





10 20 
Area (in square feet) 


H 


100 


50 . 
(6;40) 


Human age (in years) 


x 
10 20 


Dog’s age (in years) 


S 







es 
i=) 
So 
(=) 


© (2860) 


500 


Global Wireless 
Subscriptions (in millions) 





2 3 4 


Year 
(x = 0 corresponds to 2000) 


One 
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Intercepts and Slopes of 
Straight Lines 


y @ 3 
Objective ~ To find the x- and y-intercepts of a straight line 


The graph of the equation 2x + 3y = 6 is shown 
at the right. The graph crosses the x-axis at the 
point (3, 0). This point is called the x-intercept. 
The graph also crosses the y-axis at the point 
(0, 2). This point is called the y-intercept. 









y-intercept et ; 





=» Find the x-intercept and the y-intercept 
of the graph of the equation 2x — 3y = 12. 


as ossaoannonananaatagy 


| TAKE NOTE ' To find the x-intercept, lety = 0. To find the y-intercept, let x = 0. 





[otohutneeateccoe | (Any point on the x-axis has (Any point on the y-axis has 
| jet y= 0. To find the y-coordinate 0.) x-coordinate 0.) 
: y-intercept, let x = 0. ] Dea Soe ID ee SAD 
2x = 12 ~3y = 12 
x=6 y= —-4 
The x-intercept is (6, 0). The y-intercept is (0, —4). 


=> Find the y-intercept of y = 3x + 4. 
y= 3x+4=3(0)+4=4 e Let x = 0. 
The y-intercept is (0, 4). 
For any equation of the form vy = mx + b, the y-intercept is (0, b). 


Some linear equations can be graphed by finding the x- and y-intercepts and then 
drawing a line through these two points. 


eee eeese eee se ese ese eo esse oeeeee ee ee oeeeeereeeseeEHeLe eS SE Fe HTH OTE o HEE TE OEE HOHE EH OH EO HOH EE HOHE OSE Hoe EOE oo EO 


Example 1 Find the x- and y-intercepts © You Try It 1 Find the x- and y-intercepts 
for x — 2y = 4. Graph the line. for y = 2x — 4. Graph the line. 





Solution Your solution 
x-intercept: 
x-ly=4 
e— 20) =A 
x=4 
(4, 0) 


y-intercept: 
ae 
Voy 
—2y.= 4 
y=-2 


(Chee Solution on p. SIS 
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_ The change in the 

_ y values can be thought 
_ of as the rise of the line, 
_ and the change in the 

_ x values can be thought 
- of as the run. Then 


rise 
Slope = m = —— 
run 


—»> “< 







{ee 
| rise 


run. | 








Figure 4 


(TAKE NOTE | 


_ Positive slope means 
_ that the value of y 


_ increases as the value of — 


_ x increases. 
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To find the slope of a straight line 





The graphs of y = =x + 1 and y=2x +1 are _ Figure 1 


shown in Figure 1. Each graph crosses the y-axis 
at the point (0, 1), but the graphs have different 
slants. The slope of a line is a measure of the 
slant of the line. The symbol for slope is m. 








The slope of a line containing two points is the pee Figure 2 


ratio of the change in the y values of the two 4 
points to the change in the x values. The line 
containing the points (—2,—3) and (6,1) is 
graphed in Figure 2. The change in the y values is 
the difference between the two ordinates. 


Change in y = 1 — (-3) =4 











The change in the x values is the difference be- Figure 3 


tween the two abscissas (Figure 3). 
Change in x = 6 — (-2) = 8 


h i 4 
Sites po 
changeinx 8 


2 
2 








Slope Formula 
If P,(x;, Y;) and P,( x2, y2) are two points on a line 
es (Figure 4). If 


Xo 1 
X; = X2, the slope is undefined. 


and x, ~ X,, then m = 


»» Find the slope of the line containing the points (—1, 1) and (2, 3). 
Let P, be (—1, 1) and P, be (2, 3). Then 
x, = —-1,y.=1, x, =2, andy, = 3. 

3 = Il D 


ee eae Ag 


X22 — X14 





Zi eat) 3 
The slope is = 


A line that slants upward to the right 
always has a positive slope. 





‘Positive slope 
Note that you obtain the same results if the points are named oppositely. Let 
P, be (2, 3) and P, be (—1, 1). Then x, = 2, y, = 3, x. = —1, and y, = 1. 


jet De Doe? 
Si, = 5a =|_—=2 =3 8 





The slope is . 


Therefore, it does not matter which point is named P, and which is named P,; 
the slope remains the same. 
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TAKE NOTE 


_ Negative slope means 


that the value of y 


_ decreases as x increases. _ 
_ Compare this to 
_ positive slope. 


/TAKE NOTE | 


_ We must separate the 


description of parallel 
lines at the right 
because vertical lines in 


_ the plane are parallel 
_ but their slopes are 
_ undefined. 
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»» Find the slope of the line containing the points (—3, 4) and (2, —2). 
Let P; be=3, 4) and P, be (2, —2). 


ee 
Biss 3 bay 5 5 


Leo ee VA 


Xo = 





The slope is 2. 





A line that slants downward to the right 
always has a negative slope. 





Negative slope 


»» Find the slope of the line containing the points (—1, 3) and (4, 3). 
Ret Py be(—1, 3)and P,.be (443). 














ee eenigee ee ee} 
XD ae Hy A= (= jl) 5 ere 
AO 24 
The slope is 0. E a 
ae = 
A horizontal line has zero slope. ~~ Zero slope 


»» Find the slope of the line containing the points (2, —2) and (2, 4). 
Let P, be (2, —2) and P, be (2, 4). a ee 





pape MIE = (ED) S) <6 Jae aol 


= =— Division by zero 








Aaa 2-2 0 is not defined. =e 
Pe Sy i 
=2 
The slope of a vertical line is undefined. : 
Undefined 


Two lines in the plane that never intersect 
are called parallel lines. The lines /, and 
l, in the figure at the right are parallel. 
Calculating the slope of each line, we have 











Vo aA Sal 4 2 
f : = =S —— i —_ = sO 
Slope of 1,: ™, A bipl 3-  kESy Tig wg 
ee esi Seay 4? 
Slope of 1,: m, er 3 (3) eae 


Note that these parallel lines have the same slope. This is always true. 


Parallel Lines 


Two nonvertical lines in the plane are parallel if and only if they have the same slope. 
Vertical lines in the plane are parallel. 
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: 
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ee eee ee eres eee ee eoovneeee 


Example 2 


uations in Two Variables \ 
There are many applications of the concept of slope. Here is a possibility. 


When Florence Griffith-Joyner set the world 
record for the 100-meter dash, her average rate 
of speed was approximately 9.5 meters per sec- 
ond. The graph at the right shows the distance 
she ran during her record-setting run. From 
the graph, note that after 4 s she had traveled 
38 m and that after 6 s she had traveled 
57 m. The slope of the line between these two 
points is 


S 
o 
Hes 





Distance (in meters) 
Ul 
So 


Time (in seconds) 


538 19. 


OES) 
6-4 Z 








HL = 


Note that the slope of the line is the same as the 
rate she was running, 9.5 meters per second. The 
average speed of an object is related to slope. 


oeeeeesese cere eceeeesr eee eres e oe eit eeeecoere sees oe eee eee eer eoeesereoeeeeseseseseseseeeeee 


“You Try It 2 





Find the slope of the line containing the points Find the slope of the line containing the points 


with coordinates (—2, —3) and (3, 4). 


Solution 


with coordinates (—3, 8) and (1, 4). 


Your solution 


Let P, = (-2, —3) and P, = (, 4). 


Voce ey a 4 = (3 


ieee 











fate pk 31-9 


The slope is z 


seer eee eee ee oeee ese ooeoae 


Example 3 


ee 


: You Try It 3 


Find the slope of the line containing the points Find the slope of the line containing the points 


with coordinates (—1, 4) and (—1, 0). 





with coordinates (—1, 2) and (4, 2). 


Solution Your solution 
Let P; = (-1, 4) and P, = (1, 0). 
perce Sie ee Opt = eet 

jis = ey Alle) 0 


The slope is undefined. 


Solutions on p. S18 
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Stee 4 © You Try It 4 
The graph below shows the height of a plane The graph below shows the approximate 
above an airport during its 30-minute descent decline in the value of a used car over a 5-year 
from cruising altitude to landing. Find the period. Find the slope of the line. Write a 
slope of the line. Write a sentence that explains sentence that states the meaning of the slope. 
the meaning of the slope. 
Solution Your solution a iN ee 
a Ng (8650) oe eon 
91 = 3000. = 20,000 _ =15,000 FS B000 fm Ne re ee 
2 25 — 10 15 2 
S = 6000 
S i. ue wy 
: = —1000 F spool 
: E 2000) ea! 
e A slope of —1000 means a ee ee 
that the height of the eden MANS 
Tinie (in minutés) plane is decreasing at the oo) 
rate of 1000 ft/min. 
Solution on p. S18 
To graph a line using the slope and the y-intercept 
The graph of the equation y = ox + 1 is shown at 3 i 
the right. The points (—3, —1) and (3, 3) are on the 
graph. The slope of the line between the two points is 
TAKE NOTE : (i Ss ee ae 
ae B= Nek) Res is 
ere are some equations | 
in slope-intercept form. _ Observe that the slope of the line is the coefficient of ae 





poy 2 20 — 3: slope is.2; 
_ y-intercept is (0, —3). : 
| y=-x +2:Slopeis—1 | y-intercept is (0, 1), where 1 is the constant term of 
| (recall that -x =—-1x); | the equation. 

_ y-intercept is (0, 2). : 


x in the equation y = ox + 1. Also recall that the 


ve A Oe Nore See dig. Slope-Intercept Equation of a Line 


2 Zea 2 ; ; 5 : 
: ier “| An equation of the form y = mx + bis called the slope-intercept form of a straight 
oe eS line. The slope of the line is m, the coefficient of x. The y-intercept is (0, b), where bis 





| (0, 0). / the constant term of the equation. 


If a linear equation is not in slope-intercept form, solve the equation for y. 


=» Find the slope and y-intercept for the graph of 


3x yal, 

Write the equation in slope-intercept form by solv- 3x + 2y = 12 

ing for y. 2) Sele 
eee 

The slope is ->; the y-intercept is (0, 6). SET 


When an equation of a straight line is written in slope-intercept form, the graph 
can be drawn using the slope and the y-intercept. First locate the y-intercept. Use 
the slope to find a second point on the line. Then draw a line through the 
two points. 
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=~» Graph y = 2x — 3. 
y-intercept = (0, b) = (0, —3) 


2  changeiny 
{)* *changein x 





m=2= 


Beginning at the y-intercept, move right 1 unit 
(change in x) and then up 2 units (change in y). 





(1, —1) is a second point on the graph. 


Draw a line through the two points (0, —3) and 


(ee): 
y Example 5 ~ You Try it 5 
1 : 
Graph y = x + 1 by using the Graph y = = ge 1 by using 
slope and y-intercept. the slope and y-intercept. 
Solution y-intercept = (0, b) = (0, 1) Your solution 


fj 2052. Change in y 
3 3 change in x 
yy 
















‘down 2 
DLE 


| RCO OGG O-OT EO 9: O70 OFACRO EE OCC ERE OTS CaO OCCT Ry OS OMOECL OMS CED ACAG ee eeesese ose eee eeeesesesreeeoeseoeeeseeeseeeeereseseses se 
\ | 


Example 6 Graph 2x — 3y = 6 by using the “You Try It 6 Graph x — 2y = 4 by using the 
slope and y-intercept. slope and y-intercept. 
Solution Solve the equation for y. Your solution 
23) = 6 
ee syira = 2. 6 
z 
=“x-2 
vy, 3 x 





2 
y-intercept = (0, —2); m= 3 








Solutions on pp. S18-S19 
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7.3 Exercises 


Objective A 


Find the x- and y-intercepts. 


dp xqyq 3 2. 3x + 4y=12 SV Be 6 At iy = 20 alo 

5. x —5y=10 6. 3x +2y=12 7. y= 3x4 12 8. y =5x +10 
= 1 2 

9° 2x = 3) =0 10. 3x + 4y=0 11. Vas pega 123 VA es 


Find the x- and y-intercepts and then graph. 


PSF05x°+ 2y'= 10 14. x-3y=6 15. 


C4 


m< 








18. 9y — 4x =18 





Objective B 


19. Explain how to find the slope of a line given two points on the line. 


iS b, 


20. What is the difference between a line that has zero slope and one that has 
© undefined slope? 
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Find the slope of the line containing the given points. 


DA. -Pi(4. 2), P3,.4) 22. P(2, 1), P,3,4) 23. P,(—1,3),P,2,4) 24. Pi(-aelReiz) 


25. P,(2, 4), P.(4, -1) 26." PHI 3), P56, <3) 27. -P,G,=4), Px), 28. Pl=L 2 


29. Pa =2)°P,G3, —2) 30) *PHS,1\ P(—2, 1) 31. -P,(0;—1),23G,—2) 32. 2,6, 0)32,07- 


Determine whether the line through P, and P, is parallel to the line through Q, and Q). 


BF mei asot) 2,9) Oil 2) O5(6,:7) 34. P,(4, —5), P69), 0,6; 4), On A) 
35. P,(0, Ds PA2, 5); Q,(—4, =), Q,(2, 5) 36. Pits; 7), PH? 4); Q,(1, 6), Q,(11, 1) 
STE e2 4) 2, 4); Oi(— 3, 6)7 O54) 6) 38. P;(—1, 2), PI, —6), Oe = 2) 








39. The graph at the right is based on data from Andersen Consulting. It 2 ; 

2 shows the projected ebooks retail sales through the year 2005. Find the = 3000 
slope of the line. Write a sentence that states the meaning of the slope. oe 

> & 2000 
cy = 
= 

= 1000 

rs (1,660) 


QO 223 4s 


Year 
(x = 0 corresponds to 2000) 


40. The pressure, in pounds per square inch (psi), on a diver is shown in the 
© graph at the right. Find the slope of the line. Write a sentence that 
“4 explains the meaning of the slope. 


Pressure 
(in pounds per square inch) 





The graph at the right is based on data from the Bureau of Labor Statis- 
tics. It shows the approximate inflation rate for the years 1990 to 2000. 
Find the slope of the line. Write a sentence that states the meaning of 
the slope. 





Inflation rate (percent) 





WA as 6 tio) 


Year 
(x = 0 corresponds to 1990) 
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Section 7.3 / Intercepts and Slopes of Straight Lines 


42. The stratosphere extends from approximately 11 km to 50 km above 

© Earth. The graph at the right shows how the temperature, in degrees Cel- 

; Sius, changes in the stratosphere. Explain the meaning of the horizontal 
line segment from A to B. Find the slope of the line from B to C and 
explain its meaning. 







2 Objective C 


Find the slope and y-intercept for the graph of each equation. 


Graph by using the slope and y-intercept. 
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43. 2x —- 3y=6 44. 4x + 3y= 12 45. 


46. 2x+y=0 47. x-—4y=0 48. 


49. y=3x+ 1 S0N yy = 24 1 51. 


Degrees (°C) 


347 





Height (in kilometers) 


2x + Sy = 10 


2x + 3y = 8 











348 


5a: 
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y=5n 59. oy =x + oh 60. 


3 


4 
2 





—-> X 
= Ay 290) ce eed 
2 








3x — 4y = 12 62. 5x — 2y = 10 63. 


i 
4 


2 





28 S62 Ld 
=) 








APPLYING THE CONCEPTS 


64. 


65. 


66. 


Do all straight lines have a y-intercept? If not, give an example of one that 
does not. 
If two lines have the same slope and the same y-intercept, must the graphs 
of the lines be the same? If not, give an example. 

x ioe x i ee x ae 
Draw the graphs of a. ie b. aera Cea eas 1 
What observation can you make about the x- and y-intercepts of these 
graphs and the coefficients of x and y? 


d. Use this observation to draw the graph of = —--=]. 
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Objective A 
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Equations of Straight Lines 


To find the equation of a line given a point and the slope 





ear 


ey 


In earlier sections, the equation of a line was given and you were asked to deter- 
mine some properties of the line, such as its intercepts and slope. Here, the 
process is reversed. Given properties of a line, you will determine its equation. 


If the slope and y-intercept of a line are known, the equation of the line can be 
determined by using the slope-intercept form of a straight line. 


» Find the equation of the line with slope -> and y-intercept (0, 3). 
Gp aie a) ® Use the slope-intercept formula. 


l 
aes Rae © m= —5;(0,b) = (0,3),s0 b= 3 


a : a 1 
The equation of the line is y = Hei Bi. 


When the slope and the coordinates of a point other than the y-intercept are 
known, the equation of the line can be found by using the formula for slope. 


Suppose a line passes through the point (3, 1) and Ye 
has a slope of .. The equation of the line with these 


properties is determined by letting (x, y) be the 
coordinates of an unknown point on the line. 
Because the slope of the line is known, use the 
slope formula to write an equation. Then solve 
for y. 














—{1 2 — 2 
maa og MM Bi an) = (xy lo ) = (3.1 
viral 2 , ' 
= 3% —3)= 3 * =) ¢ Multiply each side by (x — 3). 

2 

Var 1h Boe 2 © Simplify. 
2 

hee Be ai ® Solve for y. 


; 6 ; 7 
The equation of the line is y = 7x — Le 


The same procedure that was used above is used to derive the point-slope 
formula. We use this formula to determine the equation of a line when we are 
given the coordinates of a point on the line and the slope of the line. 


Let (x;, y;) be the given coordinates of a point on a line, m the given slope of the 
line, and (x, y) the coordinates of an unknown point on the line. Then 


ares m @ Formula for slope. 

ane 
LATE Ame a ~ 3 > 1 
(a x4) n(x) 1) © Multiply each side by x — x,. 


i a Xx, 
Ve mix ='X)) © Simplify. 
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Point-Slope Formula 


If (x;, ¥:) is a point on a line with slope m, then y — y, = m(x — X,). 





»» Find the equation of the line that passes through the point (2, 3) and has 





slope =2. 
Va Vig =I 2S XG) Use the point-slope formula. 
6 eS ula eA ee 2) ¢ m= —2;(x,) = (2,3) 
yo 3 = —2n + 4 © Solve for y. 
Vee Lee 
The equation of the line is y = —2x + 7. 
aa 1 Se Try It 1 
Find the equation of the line whose slope Find the equation of the line whose slope is 
is -+ and whose y-intercept is (0, —1). . and whose y-intercept is (0, 2). 
Solution Your solution 
Because the slope and y-intercept are known, 
use the slope-intercept formula, y = mx + b. 
g) 
So oa ieee © m= —=;b= -1 
es 72 ee Try It 2 
Use the point-slope formula to find the Use the point-slope formula to find the 
equation of the line that passes through the equation of the line that passes through 
point (—2, —1) and has slope >. the point (4, —2) and has slope -. 
Solution Your solution 


y= Vee mx = x) 
= (-1)=Slx-(-2)) om=3: 
y )= ale m=: 
Wi) = (-2, -1 
y+1=S(e+2) era 


3 
Vela tin 


3 
me 


AT: 3 
The equation of the line is y = 5x + oe, 


Solutions on p. S19 


Objective B | To find the equation of a line given two points 


The point-slope formula is used to find the equation of a line when a point on 
the line and the slope of the line are known. But this formula can also be used to 
find the equation of a line given two points on the line. In this case, 





1. Use the slope formula to determine the slope of the line between the points. 


Pp Use the point-slope formula, the slope you just calculated, and one of the 
given points to find the equation of the line. 
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=» Find the equation of the line that passes through the points whose coordi- 


Wates*are (=o, 1) and (3, 3). 
Use the slope formula to determine the slope of the line between the points. 
yt ema) 4 2 


i = =— = — 
hs rao) GiB 3 





4 (x1, y,) = (—3, 1); Xoy y>) = (3, 3) 


Use the point-slope formula, the slope you just calculated, and one of the 
given points to find the equation of the line. 


yey = nix X:) 





_ coordinates of these 
| points into the equation. | 


eee ere eee ese eee ee ee sere ere se ese sees eeseesreeeeseseseoes 


Example 3 
Find the equation of the line that passes 
through the points (—4, 0) and (2, —3). 


Solution 

Find the slope of the line between the 
two points. 

oA) Eyer 


MOT Nah oe 


4 a eee 
Use the point-slope formula. 
y—y1 = mx — x1) 


1 
y — 0=—Yx - (-4)] 


© Point-slope formula 


1 
em= >" (%, yi) = (— 4,0) 


1 
Ve at A) 
i sx Sue 
The equation of the line is y = sx ane 


¢ Point-slope formula 


D 
Yaad ie © m= 5: (eK) = (-3,-1) 
2 
y+t1l= 3 3S) 
peal z =P 
ae ae, 
4 3 
2 
i ae =k 
Check: 
TAKE NOTE y=2x41 y=ixt 
i You can verify that the 2 : 
equation y = =x +1 —1 | $(-3)+1 0 ¢ (xy) =(-3-1) 3} 53)+1 9 *lxy= (3) 
passes through the ibe || =) SI 3) | 2 ap Al 
_ points (—3, —1) and 
_ (3, 3) by substituting the — —-{=-1 3=3 


The equation of the line that passes through the two points is y = ox el 


coc e ee wae ec ose eee seers eseoeseeseseeeoseeeoseeeeeeeseses 


You Try It 3 
Find the equation of the line that passes 
through the points (—6, —1) and (3, 1). 


Your solution 


Solution on p. S19 
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To solve application problems 





Objective C_ 


A linear model is a first-degree equation that is used to describe a relationship 
between quantities. In many cases, a linear model is used to approximate 
collected data. The data are graphed as points in a coordinate system, and then 
a line is drawn that approximates the data. The graph of the points is called a 
4in. scatter diagram; the line is called a line of best fit. 





— Consider an experiment to determine the weight required to stretch a spring a 
certain distance. Data from such an experiment are shown in the table below. 





The accompanying graph shows the scatter diagram, which is the plotted points, 
and the line of best fit, which is the line that approximately goes through the 











E plotted points. The equation of the line of best fit is y = 25.6x — 1.3, where x is 
5 the number of inches the spring is stretched and y is the weight in pounds. 
i) The table below shows the values that the model would predict to the nearest 
tenth. Good linear models should predict values that are close to the actual val- 
ea aa -x ues. A more thorough analysis of lines of best fit is undertaken in statistics 
Distance (in inches) courses. 

oe 4 | ; You Try It 4 

The data in the table below show the number — The data in the table below show a reading test 

of television cable subscribers in the United | _ grade and the final exam grade in a history 
- States for the years 1995 to 2000. The line of | __ class. The line of best fit is y = 8.3x — 7.8, 

best fit is y = 1.8x + 60.8, where x is the year where x is the reading test score and y is the 


(with 1995 corresponding to x = 0) and y is the history test score. 
_ number of cable subscribers in millions. - , 





Graph the data and the line of best fit in the 


Graph the data and the line of best fit in the coordinate system below. Write a sentence that 
coordinate system below. Write a sentence that describes the meaning of the slope of the line 
describes the meaning of the slope of the line. of best fit. 
Solution Your solution 

Maer oe Reet aca BAL A, ele The slope of the MY 





line means that 
the number of 
Hoes cable subscribers 
pe < ie = eee is increasing by 
pom 1.8 million per 

re year. 


cx I 
Oo WwW 
Dn ow 
Se 


[on 
= 


History score 
as 
S 


OV 
Re) 





Cable TV Subscribers 
(in millions) 
Ov 
Un 


N 
i=) 


LE Oe 
Year (x = 0 corresponds to 1995) 





4 Se 
Reading score 


Solution on p. S19 
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7.4 Exercises 


Objective A 


11. 


13. 


What is the point-slope formula and how is 
it used? 


Find the equation of the line that contains 
the point (0, 2) and has slope 2. 


Find the equation of the line that contains 
the point (—1, 2) and has slope —3. 


Find the equation of the line that contains 


the point (3, 1) and has slope 7 


Find the equation of the line that contains 


the point (4, —2) and has slope 7 


Find the equation of the line that contains 


the point (5, —3) and has slope =. 


Find the equation of the line that contains 


the point (2, 3) and has slope 7" 


@ 


“4 which types of lines cannot be found using 


10. 


12. 


14. 
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Can the point-slope formula be used to find 
the equation of any line? If not, equations for 


this formula? 


Find the equation of the line that contains the 
point (0, —1) and has slope —2. 


Find the equation of the line that contains the 
point (2, —3) and has slope 3. 


Find the equation of the line that contains the 


point (—2, 3) and has slope > 


Find the equation of the line that contains 
the point (2, 3) and has slope >. 


Find the equation of the line that contains 


the point (5, —1) and has slope 7 


Find the equation of the line that contains 
1 


the point (—1, 2) and has slope — 5 
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Objective B 





15. Find the equation of the line that passes 
through the points (1, —1) and (—2, —7). 


17. Find the equation of the line that passes 
through the points (—2, 1) and (1, —5). 


19. Find the equation of the line that passes 
through the points (0, 0) and (—3, —2). 


21. Find the equation of the line that passes 
through the points (2, 3) and (—4, 0). 


23. Find the equation of the line that passes 
through the points (—4, 1) and (4, —5). 


25. Find the equation of the line that passes 
through the points (—2, 1) and (2, 4). 


16. 


18. 


20. 


ae 


24. 


26. 


Find the equation of the line that passes 
through the points (2, 3) and (3, 2). 


Find the equation of the line that passes 
through the points (—1, —3) and (2, —12). 


Find the equation of the line that passes 
through the points (0, 0) and (—5, 1). 


Find the equation of the line that passes 
through the points (3, —1) and (0, —3). 


Find the equation of the line that passes 
through the points (—5, 0) and (10, —3). 


Find the equation of the line that passes 
through the points (3, —2) and (—3, —3). 
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27% 


30. 
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Application Problems 


The data in the table below are estimates of the projected annual 
numbers of job openings for graduates with a 4-year degree. The line 
of best fit is y = 4.8x + 29, where x is the year (with x = 0 corre- 
sponding to 2001) and y is the number of job openings (in millions) 
available that year. 





Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 


The data in the table below are estimates of the projected annual 
numbers of job openings for physician assistants. The line of best fit 
is y = 3.2x + 76, where x is the year (with x = 0 corresponding to 
2001) and y is the number of job openings (in thousands) available 
that year. 





Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 


The data in the table below are estimates of the projected annual 
amount spent by a family on eating in restaurants. The line of best 
fit is y = 80x + 1614, where x is the year (with x = 0 corresponding 
to 1999) and y is the number of dollars spent on eating in restaurants. 








Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 
line of best fit. 


The data in the table below are estimates of the projected cost, in 
cents, for one megabyte (1,000,000 bytes) of hard-disk storage space. 
The line of best fit is y = —0.8x + 4.3, where x is the year (with x = 0 
corresponding to 1998) and y is the cost per megabyte for that year. 





Graph the data and the line of best fit in the coordinate system at the 
right. Write a sentence that describes the meaning of the slope of the 


line of best fit. 


— 


lon 
oO 


wn 
Oo 


aS 
oO 





Job growth (millions) 


wW 
oO 





OMe eoes ee 








Pee 
SS @® 7 


Year (x = 0 corresponds to 2001) 


94 


88 


(thousands) 


Physician assistants 





76 Joos 


i mee 


“x 


Year (x = 0 corresponds to 2001) 








N 
S 
S 
Oo 





e 
\o 
S 
i=) 


Annual restaurant expenditures 
= 
I 
S 
S 


1600 


Om foo ees 





1800 We oe ame Re: Rien Reet aa 





x 


Year (x = 0 corresponds to 1999) 


JS 


Cost per megabyte 
(in cents) 
— NO W 





(bet 2 Sua 





x 


Year (x =0 corresponds to 1998) 
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APPLYING THE CONCEPTS 


In Exercises 31 to 34, the first two given points are on a line. Determine whether the third point is on 


the line. 


31-(=3,2)) (4, DG. 0) 


33.4 alse) (153); (4, 9) 


35. If (—2, 4) are the coordinates of a point on 
the line whose equation is y=mx + 1, 
what is the slope of the line? 


37. If(0, —3), (6, —7), and (3, 2) are coordinates 
of points on the same line, determine n. 





The formula y — y; = Eee ( 
m6 


2A 


a2: 


34. 


36, 


38. 


(2x2), (334); (ale) 


(333.1205) (0) 2); ee) 


If (3, 1) are the coordinates of a point on the 
line whose equation is y = mx — 3, what is 
the slope of the line? 


If (—4, 11), (2, —4), and (6, 2) are coordinates 
of points on the same line, determine n. 


x — x;), where x; # x2, is called the two-point formula for a straight line. 


This formula can be used to find the equation of a line given two points. Use this formula for Exercises 


39 and 40. 


39. Find the equation of the line passing 
through (—2, 3) and (4, —1). 


40. Find the equation of the line passing through 


(3, —1) and (4, —3). 


41. Explain why the condition x; # x, is placed on the two-point formula 


©» given above. 


42. Explain how the two-point formula given above can be derived from the 





© point-slope formula. 
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G Focus on Problem Solving 


Counterexamples Some of the exercises in this text ask you to determine whether a statement is 
true or false. For instance, the statement “Every real number has a reciprocal” is 
false because 0 is a real number and 0 does not have a reciprocal. 


Finding an example, such as “0 has no reciprocal,” to show that a statement is 
not always true is called finding a counterexample. A counterexample is an 
example that shows that a statement is not always true. 


Consider the statement “The product of two numbers is greater than either fac- 
tor.” A counterexample to this statement is the factors 5 and 7 The product of 
these numbers is 7 and ; is smaller than : or =. There are many other counter- 
examples to the given statement. 


Here are some counterexamples to the statement “The square of a number is 
always larger than the number.” 


For each of the next five statements, find at least one counterexample to show 
that the statement, or conjecture, is false. 

The product of two integers is always a positive number. 

The sum of two prime numbers is never a prime number. 

For all real numbers, |x + y| = |x| + |y]. 


If x and y are nonzero real numbers and x > y, then x? > y’. 


Ce ye ere ane, 


The quotient of any two nonzero real numbers is less than either 
one of the numbers. 


When a problem is posed, it may not be known whether the statement is true or 
false. For instance, Christian Goldbach (1690-1764) stated that every even inte- 
ger greater than 2 can be written as the sum of two prime numbers. No one has 
been able to find a counterexample to this statement, but neither has anyone 
been able to prove that it is always true. 


In the next four exercises, answer true if the statement is always true. If there is 
an instance when the statement is false, give a counterexample. 


6. The reciprocal of a positive number is always smaller than the 
number. 


7. If x <0, then |x| = —x. 
8. For any two real numbers x andy, x +y>x — y. 


9. The list of numbers 1, 11, 111, 1111, 11111, ... contains infinitely 
many composite numbers. (Hint: A number is divisible by 3 if the 
sum of the digits of the number is divisible by 3.) 


358 Chapter 7 / Linear Equations in Two Variables \ 


a Projects and Group Activities 


Graphing Linear A computer or graphing calculator screen is divided into pixels. There are ap- 

Equations with a proximately 6000 to 790,000 pixels available on the screen (depending on the 
Graphing Utility computer or calculator). The greater the number of pixels, the smoother a graph 
will appear. A portion of a screen is shown at the left. Each little rectangle 
represents one pixel. 








The graphing utilities that are used by computers or calculators to graph an 
equation do basically what we have shown in the text: They choose values of x 
FERRER tee sand, for each, calculate the corresponding value of y. The pixel corresponding to 

the ordered pair is then turned on. The graph is jagged because pixels are 
much larger than the dots we draw on paper. 


The graph of y = 0.45x is shown at the left as the calculator drew it (jagged). The 
x- and y-axes have been chosen so that each pixel represents =, of a unit. Con- 


sider the region of the graph where x = 1, 1.1, and 1.2. 


SEER ESSE The corresponding values of y are 0.45, 0.495, and 0.54. Because the y-axis is 
in tenths, the numbers 0.45, 0.495, and 0.54 are rounded to the nearest tenth 
before plotting. Rounding 0.45, 0.495, and 0.54 to the nearest tenth results in 
0.5 for each number. Thus the ordered pairs (1, 0.45), (1.1, 0.495), and (1.2, 0.54) 

esa ace sraphed/as (1,.0.5), (1.1, 0.5), and (1.2, 0.5). These points appear as three 

re KE NOTE _ illuminated horizontal pixels. The graph of the line appears horizontal. However, 
ea ieee the | if you use the TRACE feature of the calculator (see the Appendix), the actual 

Peis are aia be y-coordinate for each value of x is displayed. 

shown on the screen. 

_ Ymin and Ymax are the 





_ smallest and largest irerere net anoles toe a) 1 se calculator = 2x 4+ 
| values of y that willbe : y graph y 3% 1. First the 
_ shown on the screen. _ equation is entered. Then the domain (Xmin to Xmax) and the range (Ymin to 


nn  YMax) are entered. This is called the viewing window. 


2 [=] 3 4] 1 [WINDOW] [©] 10 [ENTER] 10 [ENTER] 1 
10 10 [ENTER] 1 [ENTER] [GRAPH 








By changing the keystrokes 2 esl.3 1, you can graph different 


equations. 
Ly = 2x + 1 For 2x, you may enter 2 X x or just 2x. The times sign X 
is not necessary on many graphing calculators. 
1 
2. y= gcd tes Zz, sUseithe key to enter a negative sign. 
3. 3x + 2y = 6 Solve for y. Then enter the equation. 


4. 4x + 3y =75 You must adjust the viewing window. 


Suggestion: Xmin = —25, Xmax = 25, Xscl = 5, 
Ymin = —35, Ymax = 35, Yscl = 5. See the Appendix 
for assistance. 
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Speed (in m/s) 


Distance (in meters) 


Distance (in meters) 
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500 |---Speed eae 
100 m/s. 


400 


yi: 





Graphs of Motion A graph can be useful in analyzing the 





d , : ; : i ‘ : 
Time (in seconds) 






pinge i)! 4 
Time (in seconds) 


1 2 3 4 


Time (in seconds) 





5 


ak 
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motion of a body. For example, consider an 
airplane in uniform motion traveling at 100 
m/s. The table at the right shows the dis- 
tance, in meters, traveled by the plane at the 
end of each of five one-second intervals. 


axis, and the distance traveled by the plane is shown along the vertical axis. (Note 
that the units along the two axes are not the same length.) 


To write the equation for the line just graphed, use the coordinates of any two 
points on the line to find the slope. The y-intercept is (0, 0). 


Let (x,, y,;) = (1, 100) and (x,, y,) = (2, 200). y=mxt+b 
_ DXW Wes = 100x + 0 
Bees Os 00 100 _ 100 yy, 
Ko Xe pe | y = 100x 


Note that the slope of the line, 100, is equal to the speed, 100 m/s. The slope of a 
distance-time graph represents the speed of the object. 


The distance-time graphs for two planes are shown at the left. One plane is trav- 
eling at 100 m/s, and the other is traveling at 200 m/s. The slope of the line rep- 
resenting the faster plane is greater than the slope of the line representing the 
slower plane. 


In the speed-time graph at the left, the time a plane has been flying at 100 m/s 
is shown along the horizontal axis, and its speed is shown along the vertical axis. 
Because the speed is constant, the graph is a horizontal line. 


The area between the horizontal line graphed and the horizontal axis is equal to 
the distance traveled by the plane up to that time. For example, the area of the 
shaded region on the graph is 


Length - width = (3 s)(100 m/s) = 300 m 
The distance traveled by the plane in 3 s is equal to 300 m. 


1. Acar in uniform motion is traveling at 20 m/s. 
a. Prepare a distance-time graph for the car for 0s to 5s. 
Find the slope of the line. 
Find the equation of the line. 
Prepare a speed-time graph for the car for 0s to 5s. 


or ack 


Find the distance traveled by the car after 3 s. 


2. One car in uniform motion is traveling at 10 m/s. A second car in uniform 
motion is traveling at 15 m/s. 


a. Prepare one distance-time graph for both cars for 0s to 5 s. 

b. Find the slope of each line. 

c. Find the equation of each line graphed. 

d. Assuming that the cars started at the same point at 0 s, find the distance 
between the cars at the end of 5 s. 

3. a. In a distance-time graph, is it possible for the graph to be a horizontal 

line? 

b. What does a horizontal line reveal about the motion of the object during 
that time period? 
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Chapter Summary | Summary : 


Key Words 


Essential Rules 


A rectangular coordinate system is formed by two number lines, one horizontal - 
and one vertical, that intersect at the zero point of each line. [p. 317] 


The number lines that make up a rectangular coordinate system are called the ; 
coordinate axes or simply axes. [p. 317] 


The origin is the point of intersection of the two coordinate axes. [p. 317] 


A rectangular coordinate system divides the plane into four regions called ° 
quadrants. [p. 317] : 


An ordered pair (x, y) is used to locate a point in a plane. [p. 317] 


The first number in an ordered pair is called the abscissa or x-coordinate. [p. 317, * 
319] 


The second number in an ordered pair is called the ordinate or y-coordinate. : 
[p. 317, 319] : 


The coordinates of a point are the numbers in the ordered pair that is associated 
with the point. [p. 317] 


A relation is any set of ordered pairs. [p. 321] 


A function is a relation in which no two ordered pairs have the same first ! 
coordinate. [p. 321] 


A function designated by f(x) is written in functional notation. The value of the - 
function at x is f(x). [p. 324] ; 


An equation of the form y = mx + b, where m and b are constants, is a linear ° 
equation in two variables or a linear function. {p. 329] 


The point at which a graph crosses the x-axis is called the x-intercept. |p. 339] 
The point at which a graph crosses the y-axis is called the y-intercept. [p. 339] 


The slope of a line is the measure of the slant of a line. The symbol for slope 
is m. [p. 340] 


A line that slants upward to the right has a positive slope. [p. 340] 

A line that slants downward to the right has a negative slope. [p. 341] 
A horizontal line has zero slope. |p. 341] 

The slope of a vertical line is undefined. [p. 341] 


Two nonvertical lines in the plane are parallel if and only if they have the same 
slope. Vertical lines in the plane are parallel. [p. 341] 


2 


Slope of a straight line Slope =m = oe [p. 340] 
Ng sa XA 


Slope-intercept form of a straight line y = mx + b [p. 343] 


Point-slope formula y — y, = m(x — x,) [p. 350] : 
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1. 


11. 


— Chapter Review 


a. Graph the ordered pairs (—2, 4) and 
(3522) 

b. Name the abscissa of point A. 

c. Name the ordinate of point B. 





y 
4 
2 
— > X 
PAO D1 
oe 
o@ 
a Be 


Determine the equation of the line that 
passes through the points (—1, 3) and (2, —5). 





Is the line that passes through (—2, 3) and 
(3, 7) parallel to the line that passes through 
(3, —4) and (5, 0)? 


Determine the equation of the line that 
passes through the points (—2, 5) and (4, 1). 


Find the slope of the line 
containing the points 
(OMS rami (= 21): 


Sd 


10. 


12. Find the x- and y-inter- 
cepts of 3x — 2y = 24. 


Chapter Review 361 


Graph the ordered-pair solutions of 


y= 5x — 2 when x € {-4, a2, 0, 2}. 


y 
\ 








Determine the equation of the line that 
passes through the point (6, 1) and has slope 
5) 


5" 


Graph 5x + 3y = 15. 





Given f(x) =x? — 2, find f(—1). 


Does y = —x +3, where x € {—2,.0,3;5}, 
define y as a function of x? 


13. Find the slope of the line 
containing the points 
(—2, —3) and (4, —3). 
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\ 

14. Graph the line that has 15Grphx=—3" 16. Graph the line that has 
slope and y-intercept slope = and y-intercept 
(O71): (0, 2). 

17. 18. Graph the line that has 


slope 2 and y-intercept 
(0, —4). 





20. The height and weight of 8 seventh-grade students are shown in the fol- 
lowing table. Write a relation where the first coordinate is height, in inches, 
and the second coordinate is weight, in pounds. Is the relation a function? 





21. An online research service charges a monthly access fee of $75 plus $.45 
per minute to use the service. An equation that represents the monthly cost 
to use this service is C = 0.45x + 75, where C is the monthly cost and x is 
the number of minutes. Graph this equation for 0 = x = 100. The point le oes 
(50, 97.5) is on the graph. Write a sentence that describes the meaning of 5 me ste 
this ordered pair. ee 





Cost (in dollars) 





22. The data in the table below are estimates of the projected annual B50 fm 


a increase in average telephone bills for a family. The line of best fit is 
“4 y = 34x + 657, where x is the year (with x = 0 corresponding to 1999) 
e) and y is the annual cost, in dollars, of telephone bills. 


800 


750 


700 


Telephone bills (in dollars) 





Graph the data and the line of best fit in the coordinate system at the Ne i ee 
right. Write a sentence that describes the meaning of the slope of the (Wis REP gee Ont ac 
line of best fit. Year (x = 0 corresponds to 1999) 
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Chapter Test 363 


e Chapter Test 


1. Find the ordered-pair solution of 


2. Graph the ordered-pair solutions of 
2x — 3y = 15 corresponding’to x = 3. 


y= —Sx stor GA- 2 .0NaN 


3. Does y= xt — 3 define y as a function of x 


for x € {—2, 0, 4}? 
4. Given f(t) =? + t¢, find f(2). 


5. Given f(x) =x? = 2x, find f(—1). 





6. The distance a house is from a fire station and the amount of damage that the house sustained in a 
fire are given in the following table. Write a relation wherein the first coordinate of the ordered pair 
is the distance, in miles, from the fire station and the second coordinate is the amount of damage in 
thousands of dollars. Is the relation a function? 


ee 









8. 
10. 
x 
11. Graph the line that has slope -+ and 12. Graph the line that has slope 2 and 
y-intercept (0, 4). y-intercept —2. 
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13. The equation for the speed of a ball that is thrown straight up with an 
© initial speed of 128 ft/s is v = 128 — 32t, where v is the speed of the ball 120 
“4 after t seconds. Graph this equation for 0 <¢ <4. The point whose 100 
coordinates are (1, 96) is on the graph. Write a sentence that describes this 80 


ordered pair. oy 
40 


20 


Speed (in ft/s) 





2 aS 


Time (in seconds) 


The graph at the right shows the projected increase in the average hourly 
wage of a U.S. worker for the years 2000 through 2006 (with x« = 0 corre- 
sponding to 2000). Find the slope of the line. Write a sentence that states 
the meaning of the slope. 







(5, 16.33 





(1, 14.49) 


Hourly wage (in dollars) 
a 


x 
Og a ea tO 


Year (x = 0 corresponds to 2000) 








15. The data in the table below are the average annual tuition costs for y, 
=) 4-year private colleges in the United States. The line of best fit is 16,000 
~  y = 809x + 12,195, where x is the year (with x = 0 corresponding to 1995) ¢ 
© and y is the annual tuition cost in dollars rounded to the nearest 100. = 15,000 
% 14,000 
§ 
5 13,000 
Graph the data and the line of best fit in the coordinate system at the right. 2 
Write a sentence that describes the meaning of the slope of the line of 12,000 
best fit. (i 
Otay 2) Gears 
Year (x = 0 corresponds to 1995) 
16. Find the x- and y-intercepts for 17. Find the x- and y-intercepts for y = 5x zee 
6x — 4y = 12. 


18. Find the slope of the line containing the 19. Is the line that passes through (2,5) and 
points (2, —3) and(4, 1). (—1,1) parallel to the line that passes 
through (—2, 3) and (4, 11)? 


20. Find the slope of the line containing the 21. Find the slope of the line whose equation is 
poms (— 5,2) and (5) 7). 2x + 3y = 6. 
22. Find the equation of the line that contains 23. Find the equation of the line that contains 


the point (0, —1) and has slope 3. ' 2 
the point (—3, 1) and has slope = 


24. Find the equation of the line that passes 25. Find the equation of the line that passes 
through the points (5, —4) and (—3, 1). through the points (—2, 0) and (5, —2). 
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1. 

3. 

a: 

ie 

2) 

ce 
= 
vo 
z 
Z 
g 
2 
2 
z 
2 

a 13: 
= 
fo) 
1S) 
5 
= 
= 
S 
° 
= 
on 
i=} 
o 
x 
© 

4 15. 
5 
Q 
fe) 
Oo 


@ Cumulative Review 


Simplitye @ eeilsnr 3 (2) 


Given f(x) = find f(—2). 





Solve: 3x— 2|x — 3(2°="3x)| =x — 7 


Simplify: (—2x*y)3(2xy?)? 


Divide: (x? — 4x — 21) + (x — 7) 


Factor: x(a + 2) + y(a_+ 2) 





ie 35 
Solve: 3 == =— 
Ku 


10. 


‘2. 


14. 


16. 


Cumulative Review 365 


ath 3 
Evaluate - - when a = —2, b = 3, and 


C= 4 





el 
Solve: 2x - === 
Olve: 2X 3 3 


D 
Write 63% as a fraction. 


—15x’ 
Sa 





Simplify: 


Factor: 5x* + 15x + 10 


Solve: x(x — 2) = 8 


3x 9 
x?+5x—-24 x?4+ 5x - 24 





Simplify: 


Solve 4x — 5y = 15 for y. 


366 


17. 


19. 


21. 


23. 


25. 


27. 





Chapter 7 / Linear Equations in Two Variables 


Find the ordered-pair solution of y = 2x — 1 18. 
corresponding to x = —2. 
Find the equation of the line that contains 20. 


the point (2, —1) and has slope > 


Find the equation of the line that contains 22. 


the point (—1, 0) and has slope 2. 


A suit that regularly sells for $89 is on sale 24. 


for 30% off the regular price. Find the sale 
price. 


The real estate tax for a home that costs 26. 
$50,000 is $625. At this rate, what is the 

value of a home for which the real estate tax 

is $1375? 


28. 


‘ 


Find the slope of the line that contains the 
points (2, 3) and (—2, 3). 


Find the equation of the line that contains 
the point (0, 2) and has slope —3. 


Find the equation of the line that contains 


the point (6, 1) and has slope =. 


The first angle of a triangle is 3° more than 
the measure of the second angle. The third 
angle is 5° more than twice the measure of 
the second angle. Find the measure of each 
angle. 


An electrician requires 6 h to wire a garage. 
An apprentice can do the same job in 10 h. 
How long would it take to wire the garage if 
both the electrician and the apprentice were 
working? 


Graph the line that has slope -= and 
y-intercept 2. 
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Chapter Systems of 
Linear Equations 


Objectives 


S-year 4.14 


Section 8.1 oe 3.85 3.80 
A To solve a system of linear equations by ee ______ 8 
graphing 785 2.82__| 


2.60 __ 2.57. 


| 
I 
i 
F 


Section 8.2 


A To solve a system of linear equations by the 
substitution method 


B_ To solve investment problems 


Section 8.3 


A To solve a system of linear equations by the 
addition method 


Section 8.4 


A To solve rate-of-wind or rate-of-current 
problems 

B_ To solve application problems using two 
variables 





Financial managers recommend that a client's investment 
portfolio be diversified in an effort to manage risk while 
(hopefully!) earning a high return. This results in investing 
money in different types of accounts with varying interest 
rates. A system of equations can be used to help determine 
how best to distribute money over various investment 
choices, as shown in the Example on page 381. 


si Need help? For online student resources, such as section 


>») quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 


PeAteso.t S ys AU! OD Ulpst uojyst 10H qysuddo ) 
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Solving Systems of Linear 
Equations by Graphing 


To solve a system of linear equations by graphing 





Two or more equations considered together are called a system of equations. 
Three examples of linear systems of equations in two variables are shown below, 
along with the graphs of the equations of each system. 





System I System II System III 
K = 20 4x + 2y =6 4x + 6y = 12 
2x + 5y= 11 Vis =2%. 3 6x + 9y = —9 
. 
gas: 
sa 5 
aan Ah. 


fet y= 12 





TAKE NOTE 


The systems of 


_ equations above are 
_ linear systems of 


equations because each 
of the equations in the 


_ system has a graph that 
_ is a line. Also, each 

_ equation has two 

_ variables. In future 

_ math courses, you will 

_ study equations that 

- contain more than two 

_ variables. 

















For system I, the two lines intersect at a single point whose coordinates are 
(—2, 3). Because this point lies on both lines, it is a solution of each equation of 
the system of equations. We can check this by replacing x by —2 and y by 3. The 
check is shown below. 





Mae) 2) ins io | e Replace x by —2 and replace y by 3. 
ao) Neo DEON) SB ENN a | 
20, | = 5 —A-- 15 1 11 
—8=-8V 11=11V 


A solution of a system of equations in two variables is an ordered pair that is 
a solution of each equation of the system. The ordered pair (—2, 3) is a solution 
of system I. 


=> Is (—1, 4) a solution of the system of equations? 7x + 3y = 5 





3x — 2y = 12 
1X Foy, =D SEP a A A e Replace x by —1 and replace y 
7(-1) + 3(44) | 5 3(-1) — 2(4) | 12 by 4. 
sai A ied a es) Sie Ory he. 
eee —11 412 Does not check 


Because (—1, 4) is not a solution of both 
equations, (—1, 4) is not a solution of the 
system of equations. 


Using the system of equations above and the 
graph at the right, note that the graph of the 
ordered pair (—1,4) lies on the graph of ome 
7x + 3y =5 but not on both lines. The ordered 7 
pair (—1,4) is not a solution of the system 
of equations. The graph of the ordered pair 
(2, —3) does lie on both lines and therefore the 
ordered pair (2, —3) is a solution of the system 
of equations. 
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TAKE NOTE 


_ The fact that there are 
- an infinite number of 


_ ordered pairs that are 


_ solutions of the system 


at the right does not 


sents 


mean every ordered pair 
is a solution. For 


_ instance, (0, 3), (—2, 7), 


_ and (2, —1) are 

_ solutions. However, 

: (3, 1), Gy, 4), and d, 6) 
are not solutions. You 

_ should verify these 

_ statements. 


Chapter 8 / Systems of Linear Equations 


System II from the preceding page and the 
graph of the equations of that system are 
shown again at the right. Note that the graph of 
y = —2x + 3 lies directly on top of the graph of 
4x + 2y = 6. Thus the two lines intersect at an 
infinite number of points. The graphs intersect 
at an infinite number of points, so there are an 
infinite number of solutions of this system of 
equations. Because each equation represents 
the same set of points, the solutions of the sys- 
tem of equations can be stated by using the 
ordered pairs of either one of the equations. 
Therefore, we can say, “The solutions are the 
ordered pairs that satisfy 4x + 2y = 6,” or we 
can say “The solutions are the ordered pairs 
that satisfy y = —2x + 3.” 


System III from the preceding page and the 
graph of the equations of that system are 
shown again at the right. Note that in this case, 
the graphs of the lines are parallel and do not 
intersect. Because the graphs do not intersect, 
there is no point that is on both lines. There- 
fore, the system of equations has no solution. 


For a system of linear equations in two vari- 
ables, the graphs can intersect at one point, the 
graphs can intersect at infinitely many points 
(the graphs are the same line), or the lines 
can be parallel and never intersect. Such sys- 
tems are called independent, dependent, and 
inconsistent, respectively. 








Dependent: 
infinitely many solutions 


Independent: 
one solution 


=» The graphs of the equations for the system of 
equations below are shown at the right. What is 


the solution of the system of equations? 


2x + 3y =6 
2% tees 2 


The graphs intersect at (—3,4). Therefore, the 
solution of the system of equations is (—3, 4). This 


is an independent system of equations. 





















4x + 6y = 12 
6K. y= —9 
Ax + 6y= 12 
VA 


: 6x + Dy = 9 








Inconsistent: 
no solutions 


‘< 





2% +39 =6 
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| TAKE NOTE 


_ Because both equations 
represent the same 
ordered pairs, we can 
also say that the 
solutions of the system 
of equations are the 

_ ordered pairs that 






_ Satisfy x arcs +1. 





_ Either answer is correct. 





The Projects and Group 
Activities at the end of 
this chapter discusses 
using a calculator to 
approximate the 
solution of an 
independent system 

of equations. 


=» The graphs of the equations for the system of 








TAKE NOTE 
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equations below are shown at the right. What is 
the solution of the system of equations? 


=X 
1 
=r-yt 

oe 1 





The two graphs lie directly on top of one another. Thus the two lines intersect 
at an infinite number of points, and the system of equations has an infinite 
number of solutions. The solutions of the system of equations are the ordered 
pairs that satisfy y = 2x — 2. This is a dependent system of equations. 


Solving a system of equations means finding the ordered-pair solutions of the 
system. One way to do this is to draw the graphs of the equations in the system 
of equations and determine where the graphs intersect. 


To solve a system of equations by graphing, draw the graph of each equation in 
the system of equations, and then determine the points of intersection. 


=> Solve by graphing: 2x — y = —-1 
x+2y=7 


Graph each line. 
The point of intersection of the two graphs lies 
on both lines and is therefore the solution of the 


system of equations. 


(1, 3) is a solution of each equation. The system 
of equations is independent. 





The solution is (1, 3). 


=> Solve by graphing: y=2x+2 
40 —2y = 4 


Graph each line. 


The graphs do not intersect. The system of equa- 
tions is inconsistent. 





The system of equations has no solution. 
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\ 
| BAS Oheohis nena CGPS eas 5 Seno a akc ty Bis. uthay be. ante Re eer oer eerat rene 
/ Example 1 H You Try It 1 

Is (1, —3) a solution of the following Is (—1, —2) a solution of the following 
system? system? 
Orta peat 3 2x = Sysee 
x-3yVy=6 Oi tee) 
Solution Your solution 
3x 2y = —3 x — 3y=6 
Bicol Greets) f= 3 tee!) xe 
Sto = s bole?) oiee 
= aS 10 #6 


No, (1, —3) is not a solution of the system 
of equations. 


tue 2 ihe Try It 2 
Solve by graphing: Solve by graphing: 
x—-—2y=2 x + 3y =3 
x+y=5 —x+y=5 
Solution Your solution 








The solution is (4, 1). 





Ween 3 ie Try It 3 
Solve by graphing: Solve by graphing: 
4x —-2y=6 y=3x-1 
y = 2x -— 3 6x. = 2y = —6 
Solution Your solution 
: ‘ ie 
cca 
——— —> x 
MO oe 
=D 








The solutions are the ordered pairs that satisfy 
the equation y = 2x — 3. 


Solutions on p. S19 
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8.1 Exercises 
6} 





bjective A 


For Exercises 1 and 2, match each system of equations (systems I, II, and III) 
with a. independent, b. dependent, or ¢. inconsistent. 


1. 








For Exercises 3 to 10, use the graphs of the equations of the system of equa- 
tions to find the solution of the system of equations. 


4. 


Se 
mn 










2x = BW=6 











10. 


x—3y=-14 


\ 


3x4 8y = 26 
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11. Is (2, 3) a solution of ss pie at 
~y= 
13. Is (4, 3) a solution of hie ea ip 
x+y=8 
15. Is (2, —3) a solution of ee = a =e 


17. Is (0, 0) a solution of tN 05 
y=x 


Solve by graphing. 


19. 4) = 3 
Kae 








i x 





A ee A 
ee? 


23. 3x —2y =6 
y=3 





i2: 


14. 


16. 


18. 


20. 


pipes 


24. 





\ 
Is (2, —1) a solution ore Ze we ie - 
Is (2, 5) a solution of 5 fi Non: 16, 

— Sy a 4 
Is (-1, —2) a solution of Sein ae 24 

y=x-1 
Is (3, —4) a solution of 5x — 2y = 235 
2x — 5y = 25° 


2x —-y=4 
xty=5 
y 
A 
4 
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25. 


3 
I 
es) 
<< 


26. “4+ 1=0 es MEE 
y-3=0 eee 

















27. 2 bay Teg hey’ Jia 28:0.9% = 2y = 11 y 
; : A : ae R 
x+y=0 eae ae ig TS) 














29. ey = — 2 ne eee 30. xty=5 Pes homies. 











31. y= 2x — 2 


an: ya en ae 


2x + 6y = Dead 











Se ee ee 34. 5x — 2y=10 Rg eae S 
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35. 3x + 4y=0 36, 2x37 =0 
2x —- 5y =0 
; == 
y A 
4 4 
2 2 
> xX eres 
BASE ON ec Du. 4 SAS 2 10. 2a 
=9) -2 
-4 -4 
31. £—= 3y=—3 38. 4x + 6y = 12 
2x — by = 12 6x + Dy = 18 








APPLYING THE CONCEPTS 


39. Determine whether the statement is always true, sometimes true, or never 
true. 
a. A solution of a system of two equations in two variables is a point in 
the plane. 
. Two parallel lines have the same slope. 
Two different lines with the same y-intercept are parallel. 
. Two different lines with the same slope are parallel. 


aes 


40. Explain how you can determine from the graph of a system of two linear 
© equations in two variables whether it is an independent system of 
4 equations. 


41. Explain how you can determine from the graph of a system of two linear 
© equations in two variables whether it is an inconsistent system of 
* equations. 


42. Write a system of equations that has (—2, 4) as its only solution. 
43. Write a system of equations for which there is no solution. 


44. Write a system of equations that is a dependent system of equations. 
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a | Solving Systems of Linear Equations 
| by the Substitution Method 


Objective A ) To solve a system of linear 
ss equations by the substitution method 








iG 


A graphical solution of a system of equations is based on approximating the 
coordinates of a point of intersection. An algebraic method called the substitu- 
tion method can be used to find an exact solution of a system of equations. 
=» Solve by the substitution method: (1) 24 yet 
(2) y=3x-9 
Equation (2) states that y = 3x — 9. Substitute 3x — 9 for y in Equation (1). 
Then solve for x. 


2042 oy = = 1 ¢ This is Equation (1). 
2. (3k — 9) = — 14. ¢ From Equation (2), substitute 3x — 9 for y. 
26+ 154 — 45 = —11 © Solve for x. 
17x —45= -11 
17x = 34 
x=2 
Now substitute the value of x into Equation (2) and solve for y. 
VLG © This is Equation (2). 
y = 3(2) -9 © Substitute 2 for x. 


y=6-9=-3 


The solution is the ordered pair (2, —3). 


The graph of the equations in this system of 
equations is shown at the right. Note that 
the lines intersect at the point whose coor- 
dinates are (2, —3), which is the algebraic 
solution we determined by the substitution 
method. 








To solve a system of equations by the substitution method, we may need to solve 
one of the equations in the system of equations for one of its variables. For 
instance, the first step in solving the system of equations 


(1) cy = 3 
(2) 2 ay = 5 


is to solve an equation of the system for one of its variables. Either equation can 





be used. 
Solving Equation (1) for x: Solving Equation (2) for x: 
x 2y = 3 2K = 3 =) 
a es) eed) 2x =3y +5 
see 
LPS aa ee 


Because solving Equation (1) for x does not result in fractions, it is the easier of 
the two equations to use. 
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Here is the solution of the system of equations given on the preceding page. 


=» Solve by the substitution method: (1) a+ lyr —3 
(2) 2x — 3y =5 


To use the substitution method, we must solve an equation for one of its 
variables. Equation (1) is used here because solving it for x does not result 
in fractions. 


x+2y=-3 
(3) Kea Dy 53 ¢ Solve for x. This is Equation (3). 


Now substitute —2y — 3 for x in Equation (2) and solve for y. 


2xt) 3y = 5 ¢ This is Equation (2). 
Zee 2Viewes) a3 = 5 ¢ From Equation (3), substitute —2y — 3 for x. 
—4y = 6 = 3y = 5 Solve for y. 
Ayn 6 = 5 
—Ty = 11 
Lt 
= 


Substitute the value of y into Equation (3) and solve for x. 








Sly 3 ¢ This is Equation (3). 
11 : 11 
= 2( 7 3 © Substitute 77 for y. 
B22 Pd | 
7 Wh 7 i 
The solution is (3 -4), 
hid i 


The graph of the system of equa- 
tions given above is shown at the 
right. It would be difficult to deter- 
mine the exact solution of this sys- 
tem of equations from the graphs of 
the equations. 








=» Solve by the substitution method: (1) y= ox — I 
(2) y= = 24 — 6 


y= — 2 6 

a oe ° Substitute 3x — 1 for yin Equation (2). 
5x =-5 © Solve for x. 
x=-1 


Substitute this value of x into Equation (1) or Equation (2) and solve for WV. 
Equation (1) is used here. 


yok 
y= 3(— 1) 4 


The solution is (—1, —4). 
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TAKE NOTE | 


As we mentioned in the 


_ previous section, when 
_ the system of equations 
_ is dependent, either 


_ equation can be used to 


write the ordered-pair 


- solutions. Thus we could 


_ have said, “The solutions — 


_ are the ordered pairs 
_ (x,y) that are solutions 
of 4x — 8y = 12.” Also 


AOS ASSESSES A NAD ESSENSE NT ESSEC 


note that, as we show 
at the right, if we solve 
each equation for y, the 


equations have the same | 


slope-intercept form. 
This means we could 
also say, “The solutions 
are the ordered pairs 
(x, y) that are solutions 


3 
of y= Me = 9 When a 


2 
system of equations is 
dependent, there are 
many ways in which the 


_ solutions can be stated. 
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The substitution method can be used to analyze inconsistent and dependent sys- 
tems of equations. 


» Solve by the substitution method: (1) 


(2) 


2x + 3y = 3 


oolines 
Sa 
se ee) 


2%) sy. =) 3 


2a 3(-2. + ) at 


2x — 2x +9 =3 
9=3 


® This is Equation (1). 
* From Equation (2), replace y with -5x + 3. 


© Solve for x. 


® This is not a true equation. 


Because 9 = 3 is not a true equation, the system of equations has no solution. 


Solving Equation (1) above for y, we have ae 





3 
y=— 3x + 1. Comparing this with Equa- 


tion (2) reveals that the slopes are equal 
and the y-intercepts are different. The 
graphs of the equations that make up this 
system of equations are parallel and thus ee: 
never intersect. Because the graphs do pied way 
not intersect, there are no solutions of the ; 
system of equations. The system of equa- 

tions is inconsistent. 


2x + 3y = 3) 








=4 1-2 (0 


=» Solve by the substitution method: (1) Lye 


(2) 4x — 8y = 12 

4x — 8y = 12 ® This is Equation (2). 
4(2y + 3) — 8y = 12 
oy + 12 — Sy = 12 
12 = 12 


© From Equation (1), replace x by 2y + 3. 
® Solve for y. 


* This is a true equation. 


The true equation 12 = 12 indicates 
that any ordered pair (x, y) that satis- 
fies one equation of the system satis- 
fies the other equation. Therefore, the 
system of equations has an infinite 
number of solutions. The solutions are 
the ordered pairs (x, y) that are solu- 
tions of x = 2y + 3. 





If we write Equation (1) and Equation (2) in slope-intercept form, we have 


x= lyr 3 4x — 8y = 12 
Dy aS. Oy = —4y + 12 
1 3 1 3 
a 2 sian 


The slope-intercept forms of the equations are the same, and therefore the 
graphs are the same. If we graph these two equations, we essentially graph one 
over the other. Accordingly, the graphs intersect at an infinite number of points. 
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\ 
| Example 1 Solve by substitution: ae Try It 1 Solve by substitution: 
(1). (3x4 Ape 2 (1) pas yv=4 
(2) -x+2y=4 (2) 3x +2y=9 
Solution Solve Equation (2) for x. Your solution 





| ‘Example 2 


Solution 





Solution 


=X, oh 2) eae 
=X By ak 
TE ee 


Substitute in Equation (1). 
(1) 3x + 4y = -2 
3(2y — 4) + 4y = -2 
6y — 12 + 4y = -2 


10y — 12 = ~2 
10y = 10 
Sete. 


Substitute in Equation (2). 
(265 24 


—x + 2(1)=4 
=~ +-2=4 
—x =2 

x= -—2 


The solution is (—2, 1). 


| : Bas Try It 2 


Solve by substitution 
44 + 2y=5 
Ve 2K AA 


4x +2y=5 
4x + 2(-2x + 1)=5 
4x —4x+2=5 
2=5 
This is not a true equation. 
The system of equations is 


inconsistent and therefore 
does not have a solution. 


Solve by substitution: 


y= 3x -—2 
6x —2y =4 
64 = 2y = 4 


6x — 2(3x — 2) =4 
6x — 6x + 4=4 
4=4 


This is a true equation. The system 
of equations is dependent. The 
solutions are the ordered pairs that 
satisfy the equation y = 3x — 2. 


Solve by substitution: 
3x —y=4 
y=3x4+2 


Your solution 


iil 


= 2 ee 
Ory = 3 


Your solution 


Solutions on pp. S19-S20 


i You Try It 3 Solve by substitution: 
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Objective B To solve investment problems 
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The annual simple interest that an investment earns is given by the equation 


Pr = I, where P is the principal, or the amount invested, r is the simple interest 
rate, and J is the simple interest. 


For instance, if you invest $750 at a simple interest rate of 6%, then the interest 
earned after 1 year is calculated as follows: 


Pr=I 
750(0.06) = I © Replace P by 750 and rby 0.06 (6%). 
45=I[ © Simplify. 


The amount of interest earned is $45. 


=» A medical lab technician decided to open an Individual Retirement Account 
(IRA) by placing $2000 in two simple interest accounts. On one account, a 
corporate bond fund, the annual simple interest rate is 7.5%. On the second 
account, a real estate investment trust, the annual simple interest rate is 9%. 
If the technician wants to have annual earnings of $168 from these two invest- 
ments, how much must be invested in each account? 


Ye es ee eee te a a oY 
e Strategy for Solving Simple-Interest Investment Problems 


e 
» 1. For each amount invested, use the equation Pr = /. Write a numerical or variable 
° expression for the principal, the interest rate, and the interest earned. 


ook ee te ie‘ Sade SSeS SO it Dk et Se Die et ko Dk ed 


Amount invested at 7.5%: x 
Amount invested at 9%: y 





2. Write a system of equations. One equation will express the relationship among the e 
amounts invested. The second equation will express the relationship among the ° 
amounts of interest earned by the investments. 3 


fe ee a a ee ee nN 


a a ee a Ped a ar te Be be be I ee es ae 


The total amount invested is $2000: x + y = 2000 

The total annual interest earned is $168: 0.075x + 0.09y = 168 
Solve the system of equations. 

(1) x + y = 2000 

(2) 0.075x + 0.09y = 168 

Solve Equation (1) for y and substitute into Equation (2): 

(3) y= —x + 2000 

0.075x + 0.09(—x + 2000) = 168 


0.075x — 0.09x + 180 = 168 
—0,015x% = -12 
x = 800 

Substitute the value of x into Equation (3) and solve for y. 


y = —x + 2000 
y = —800 + 2000 = 1200 


The amount invested at 7.5% is $800. The amount invested at 9% is $1200. 


382 


Chapter 8 / Systems of Linear Equations 


Example 4 d 
A hair stylist invested some money at an 

annual simple interest rate of 5.2%. A second 
investment, $1000 more then the first, was 

invested at an annual simple interest rate of 

7.2% so that the total interest earned was $320. 
How much was invested in each account? 


Strategy 
e Amount invested at 5.2%: x 
Amount invested at 7.2%: y 





° The second investment is $1000 more than 
the first investment: 


y =x + 1000 


The sum of the interest earned at 5.2% and 
the interest earned at 7.2% equals $320. 


0.052x + 0.072y = 320 


Solution 
(1) y =x + 1000 


(2) 0.052x + 0.072y = 320 
Replace y in Equation (2) by x + 1000 
from Equation (1). Then solve for x. 
0.052x + 0.072y = 320 
0.052x + 0.072(x + 1000) = 320 
O:052% + 0:072x% + 72 = 320 
0.124x + 72 = 320 
0.124x = 248 
x = 2000 
y =x + 1000 = 2000 + 1000 = 3000 
$2000 was invested at an annual simple 


interest rate of 5.2%; $3000 was invested 
at 2%. 


eee eer e ree eeoeseeesree sere ee eeoesereeseeeeeeeeneeeseeness 


You Try It 4 

The manager of a city’s investment income 
wished to place $330,000 in two simple 
interest accounts. The first account earns 
6.5% annual interest and the second account 
earns 4.5%. How much should be invested 
in each account so that both accounts earn 
the same annual interest? 


Your strategy 


Your solution 


Solution on p. S20 
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8.2 Exercises 


Objective A 
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1. Describe in your own words the process of solving a system of equations 
© by the substitution method. 


4 


Solve by substitution. 


32x 4 3y = 7. 


x=2 
6. Vax + 2 
8 SA 
9. y=4- 3x 
3x t+y=5 
12. x=2-y 
3x + 3y = 6 


15. 3x+y=4 
NOS epee 


182 14S y ==) 
26+ Sy = 13 


21. 4x + 3y=0 
23 y = 0 


10. 


13. 


16. 


19: 


22. 


Ve 
3X, = 2) = 6 
R= Vi 2 
xy Sy = 2 
y 2 — 3x 
Cx + Qyi=7 
3x Oy = 6 
L= Oy 3 
x-—4y=9 
2x — 3y = 11 
3x —y=5 
24 Sy 8 
5x + 2y =0 
x— 3y =0 


11. 


14. 


i”. 


20. 


23: 


2. When you solve a system of equations by the substitution method, how do 
© you determine whether the system of equations is dependent? 


y= xX = 3 
xty=5 
x= yl 
x4 2y = 7 
x=3y+3 
2x — by = 12 
y=2x + 3 
4x — 3y = 1 
3x —y=6 
Koy 2 
3x + 4y = 18 
2x -—y=d 
2x —-y=2 
Oxi VIO 
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\ 
24.) 3a iy = 4 25. xi 3y 4.2 26: SxS 4 = 2y 
O% + 3y = 12 y=2x + 6 y = 2x — 13 
PAGER EI IEE A 28. y= 24=8 29. MS ee ae 
p= aye AR) y= Sn > 13 ye 3 1 
30. x=3y+7 31. x=4y-2 32,. x= 3'— 2y 
nV esl x=6y +8 a= Sy 0 


aie Application Problems 





33. An investment of $3500 is divided between two simple interest accounts. 
On one account, the annual simple interest rate is 5%, and on the second 
account, the annual simple interest rate is 7.5%. How much should be 
invested in each account so that the total interest from the two accounts 
is $215? 


34. A mortgage broker purchased two trust deeds for a total of $250,000. One 
trust deed earns 7% simple annual interest, and the second one earns 8% 
simple annual interest. If the total annual interest from the two trust 
deeds is $18,500, what was the purchase price of each trust deed? 


35. When Sara Whitehorse changed jobs, she rolled over the $6000 in her 
retirement account into two simple interest accounts. On one account, 
the annual simple interest rate is 9%; on the second account, the annual 
simple interest rate is 6%. How much must be invested in each account if 
the accounts earn the same amount of annual interest? 


36. An animal trainer decided to take the $15,000 won on a game show and 
deposit it in two simple interest accounts. Part of the winnings were 
placed in an account paying 7% annual simple interest, and the remain- 
der was used to purchase a government bond that earns 6.5% annual sim- 
ple interest. The amount of interest earned for 1 year was $1020. How 
much was invested in each account? 


37. A police officer has chosen a high-yield stock fund that earns 8% annual 
simple interest for part of a $6000 investment. The remaining portion is 
used to purchase a preferred stock that earns 11% annual simple interest. 
How much should be invested in each account so that the amount earned 
on the 8% account is twice the amount earned on the 11% account? 
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38. 


39. 


40. 


41. 


42. 


43. 
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To plan for the purchase of a new car, a deposit was made into an account 
that earns 7% annual simple interest. Another deposit, $1500 less than the 
first deposit, was placed in a certificate of deposit earning 9% annual 
simple interest. The total interest earned on both accounts for 1 year was 
$505. How much money was deposited in the certificate of deposit? 


The Pacific Investment Group invested some money in a certificate of 
deposit (CD) that earns 6.5% annual simple interest. Twice the amount 
invested at 6.5% was invested in a second CD that earns 8.5% annual sim- 
ple interest. If the total annual interest earned from the two investments 
was $4935, how much was invested at 6.5%? 


A corporation gave a university $300,000 to support product safety 
research. The university deposited some of the money in a 10% simple 
interest account and the remainder in an 8.5% simple interest account. 
How much should be deposited in each account so that the annual inter- 
est earned is $28,500? 


Ten co-workers formed an investment club, and each deposited $2000 in 
the club’s account. They decided to take the total amount and invest some 
of it in preferred stock that pays 8% annual simple interest and the 
remainder in a municipal bond that pays 7% annual simple interest. The 
amount of interest earned each year from the investments was $1520. 
How much was invested in each? 


A financial consultant advises a client to invest part of $30,000 in munic- 
ipal bonds that earn 6.5% annual simple interest and the remainder of the 
money in 8.5% corporate bonds. How much should be invested in each so 
that the total interest earned each year is $2190? 


Alisa Rhodes placed some money in a real estate investment trust that 
earns 7.5% annual simple interest. A second investment, which was one- 
half the amount placed in the real estate investment trust, was used to 
purchase a trust deed that earns 9% annual simple interest. If the total 
annual interest earned from the two investments was $900, how much 
was invested in the trust deed? 


APPLYING THE CONCEPTS 


44. 


45. 


Suppose a breadmaker costs $180 and that the ingredients and electricity 
needed to make one loaf of bread cost $.95. If a comparable loaf of bread 
at a grocery store costs $1.55, how many loaves of bread must you make 
before the breadmaker pays for itself? 


Suppose a natural gas clothes dryer costs $240 and uses $.45 worth of gas 
to dry a load of clothes for one hour. If a laundromat charges $1.75 to use 
a dryer for one hour, how many loads of clothes must you dry before pur- 
chasing a gas dryer is more economical? 


For what value of k does the system of equations have no solution? 


46. 


24 39 = 1 47. 8 -4y=1 
kx — 3y =4 2x —ky =3 


385 


x=4+4 
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49. The following was offered as a solution of the system of equations 


1 
(1) Vie ae ap 2 
(2) 2x + 5y = 10 
2x + 5y = 10 ¢ Equation (2) 
2 s(32 ae 2) = 10 ° Substitute > x + 2 for y. 
2 > + 10= 10 © Solve for x. 
9 
a =0 
x=0 


At this point the student stated that because x = 0, the system of equa- 
tions has no solution. If this assertion is correct, is the system of equa- 
tions independent, dependent, or inconsistent? If the assertion is not 
correct, what is the correct solution? 


50. When you solve a system of equations by the substitution method, how do 


©» you determine whether the system of equations is inconsistent? 
“a 


51. A sales representative invests in a stock paying a 9% dividend. A research 
consultant invests $5000 more than the sales representative in bonds pay- 
ing 8% annual simple interest. The research consultant’s income from the 
investment is equal to the sales representative’s. Find the amount of the 
research consultant's investment. 


52. A plant manager invested $3000 more in stocks than in bonds. The stocks 
paid 8% annual simple interest, and the bonds paid 9.5% annual simple 
interest. Both investments yielded the same income. Find the total annual 
interest received on both investments. 


53. The exercises in this objective were based on annual simple interest, r, 
which means that the amount of interest earned after 1 year is given by 
I = Pr. For compound interest, the interest earned for a certain period 
of time (usually daily or monthly) is added to the principal before the 
interest for the next period is calculated. The compound interest earned 


n 


in 1 year is given by the formula J = P| {| 1 + eat , where 7 is the 
n 


number of times per year that interest is compounded. For instance, if 
interest is compounded daily, then n = 365; if interest is compounded 
monthly, then n = 12. Suppose an investment of $5000 is made into three 
different accounts. The first account earns 8% annual simple interest, the 
second earns 8% compounded monthly (n = 12), and the third earns 8% 
compounded daily (n = 365). Find the amount of interest earned from 
each account. 
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| Objective A | 
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Solving Systems of Equations by 
the Addition Method 


To solve a system of linear 
equations by the addition method . ) 





Another method of solving a system of equations is called the addition method. 
This method is based on the Addition Property of Equations. 


Note, for the system of equations at the right, (1) 5x + 2y = 11 
the effect of adding Equation (2) to Equation (2) Se y= 
(1). Because 2y and —2y are opposites, adding Sy ene 
the equations results in an equation with only Poa oy 
one variable. 
Solving 8x = 24 for x gives the first coordinate 8x 24 
of the ordered-pair solution of the system of eo eee 
equations. x=3 
The second coordinate is found by substituting (1) 5x + 2y = 11 
the value of x into Equation (1) or Equation (2) 5(3) + 2y = 11 
and then solving for y. Equation (1) is used 15+2y=11 
here. dy = —4 
y=-2 


The solution is (3, —2). 


Sometimes adding the two equations does not eliminate one of the variables. In 
this case, use the Multiplication Property of Equations to rewrite one or both of 
the equations such that the coefficients of one of the variables are opposites. 


=» Solve by the addition method: (1) 4x +y=5 
(2) 2x — 5y = 19 


Multiply Equation (2) by —2. The coefficients of x will then be opposites. 


— 220 Sy) == 2 09 e Multiply Equation (2) by —2. 





(3) —4x + 10y = —38 e Simplify. This is Equation (3). 
Add Equation (1) to Equation (3). Then solve for y. 
(1) AK esa D 
(3) —4x + 10y = —38 ¢ Note that the coefficients of x are opposites. 
lly = —33 e Add the two equations. 
y=—3 © Solve for y. 


Substitute the value of y into Equation (1) or Equation (2) and solve for x. 
Equation (1) will be used here. 


(1) 4x +y=5 
4x + (-3)=5 e Substitute —3 for y. 
4x —-3=5 © Solve for x. 
4x = 8 
x=2 


The solution is (2, —3). 
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|TAKE NOTE 
_ When you use the 


_ addition method to solve / 


- a system of equations 
and the result is an 

_ equation that is always 
_ true (like the one at the 
_ right), the system of 

_ equations is dependent. 
_ Compare this with the 

_ following example. 


Sometimes each equation of a system of equations must be multiplied by a con- 


stant so that the coefficients of one of the variable terms are opposites. 


=» Solve by the addition method: (1) 3x + Ty = 2 
(2) 5x — 3y = —26 


To eliminate x, multiply Equation (1) 58x 19) = 52 
by 5 and Equation (2) by —3. Note 
at the right how the constants are =3(5x — 3y) = —3(—26) 
chosen. t_ © The negative is used so that the 
coefficients will be opposites. 
15x + 35y = 10 e 5 times Equation (1). 
—fx + Oy = 78 © —3 times Equation (2). 
44y = 88 © Add the equations. 
y=2 © Solve for y. 


Substitute the value of y into Equation (1) or Equation (2) and solve for x. 


Equation (1) will be used here. 


(1) 8h y= 2 
3x + 7(2) =2 e Substitute 2 for y. 
3x + 14=2 © Solve for x. 
3X8 12 
x=-4 


The solution is (—4, 2). 


For the above system of equations, the value of x was determined by substitution. 


This value can also be determined by eliminating y from the system. 





9x + 2ly =6 ® 3 times Equation (1). 
35%,= oly == 182 ¢ 7 times Equation (2). 
44x = —176 e Add the equations. 

x=-4 ® Solve for x. 


Note that this is the same value of x as was determined by using substitution. 


=» Solve by the addition method: (1) 2x —5y=4 
(2) 4x — 10y = 8 


Eliminate x. Multiply Equation (1) by —2. 





=2(2x — 5y) = —2(4) © —2 times Equation (1). 
(3) —4x + 10y = -8 ® This is Equation (3). 
Add Equation (3) to Equation (2) and solve for y. 
(2) 4x — 10y = 8 
(3) —4x + 10y = -8 
Ox + Ov = 0 
0=0 


The equation 0 = 0 means that the system of equations is dependent. There- 
fore, the solutions of the system of equations are the ordered pairs that 


satisfy 2x — 5y = 4. . y 


The graphs of the two equations in the system of 
equations above are shown at the right. Note that one 
line is on top of the other line and therefore they 
intersect infinitely often. The system of equations is 
dependent and the solutions are the ordered pairs 
that belong to either one of the equations. 
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=» Solve by the addition method: 


@) 2x +y=2 
(2) 4x + 2y = —5 


Eliminate y. Multiply Equation (1) by —2. 





© —2 times Equation (1). 
© This is Equation (3). 


© Add Equation (2) to Equation (3). 


(1) 22 y= —2 > 2 
(3) =4x s2y = —4 
Add Equation (2) to Equation (3) and solve for x. 
(3) —4x— 2y = —4 
(2) 4x + 2y=—5 
Ox + Oy = —-9 
0=-9 


© This is not a true equation. 


The system of equations is inconsistent and therefore does not have a 


solution. 


The graphs of the two equations in 
the system of equations above are 
shown at the right. Note that the 
graphs are parallel and therefore 
do not intersect. Thus the system 


of equations has no solution. 


eee oe eee eee eee eae eee ese eee oe eee ese eee eeeseoeeeereoee 


Example 1 

Solve by the addition method: 
(1) 2x + 4y=7 

(2) 5x -3y=-2 


Solution 

Eliminate x. 
5(2x + 4y)=5-7 
2(54.— 39) = =2(— 2) 


© 5 times Equation (1). 








10x + 20y = 35 
—10x + tby=4 
26y = 39 © Add the equations. 
3 
y =2=5 © Solve for y. 


Substitute : for y in Equation (1). 


(1) 2x +4y=7 
Diet (3) = 7  ® Replace yby >. 
2x +6=7 ~~ ® Solve for x. 
2x = 1 
1 
aa 


3 3 (Ves 33) 
The solution is (5. $}. 


© —2 times Equation (2). 


}eee 


ie Try It 1 









Axt2y=—5 \| oN 





Solve by the addition method: 
x= 2y = 1 
2x + 4y =0 


Your solution 


Solution on p. S20 
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“ Example 2 © You Try It 2 
Solve by the addition method: Solve by the addition method: 
(1) 6x + 9y = 15 2x — 3y=4 
(2) 4x + 6y = 10 —4x + 6y = —-8 
Solution Your solution 
Eliminate x. 
4(6x + 9y)= 4-15 ¢ 4 times Equation (1). 
—6(4x + 6y) = —-6-10 © —6times Equation (2). 
24x + 36y = 60 
—24x — 36y = —60 
Ox + Oy =0 e Add the equations. 
0=0 
The system of equations is dependent. 
The solutions are the ordered pairs that satisfy 
the equation 6x + 9y = 15. 
: Pa ace NaT Ea raane TTT Stee atta ties Kbidsd sine’ " L cidee pichd 3 sede wlea:t gals cans sacar elelnlce ern nae ee 
‘Example 3 - You Try It 3 
Solve by the addition method: . Solve by the addition method: 
(1) 2x =y+8 4x + 5y = 11 
(2) 3x + 2y=5 3y =x + 10 
Solution Your solution 
Write Equation (1) in the form 
Ax + By =C. 
2x =y+t+ 8 
(3) 2x -—y=8 © This is Equation (3). 
Eliminate y. 
20% — 7) = 2-8 © 2 times Equation (3). 
3x + 2y=5 © This is Equation (2). 
4x — 2y = 16 
3x + 2y = 5 
7x = 21 © Add the equations. 
x=3 


Replace x in Equation (1). 
(1) 2x =y+ 8 


2 i VS e Replace x by 3. 
6=yt+ 8 


The solution is (3, —2). 


Solutions on p. S21 
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8.3 Exercises 





Solve by the addition method. 


x+y=4 
x-y=6 
x-3y=2 
c 2y == —3 
4x — 5y = 22 
x+2y=-1 
x+3y=2 
3x + Iv = 6 
24 = sy = 1 
4x — 6y = 2 
5x + 2y = 3 
Se Oy = = 1 
3, — 27 = 0 
6x + 5y =0 


11. 


14. 


17. 


20. 


2x+y=3 
XY == 3B 
2x-y=1 
x+ 3y=4 
3x == 11 
2k Sy = "13 
4x + 3y = 15 
20 ay = | 
2x + 4y =6 
3x + 6y =9 
5x + 7y = 10 
3x — 14yv =6 
5x + 2y =0 
3x + 5y =0 


12. 


15. 


18. 


PA be 
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Xr y= 4 
2x+y=5 
x— ly =4 
3x +4y =2 
2x as | 
4x —-2y=2 
Ji V3 
6x + 5y=7 
3x —-6y = -1 
Ont Ayes 2 
7x + 10y = 13 
4x + 5y = 6 
2x — 3y = 16 
3x 4y 


392 


IDA, 


25. 


28. 


31. 


34. 
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\ 
3x + 4y = 10 23%. ISXe Sve 24. -—2x +7y=9 
Act sy = it Di Sy =n 3x + 2y = —1 
3x + 4y=4 26. 2x + 5y=2 21. 8%— Sve 
5x + 12y =5 Sx Sye | 64-= Syn 1 
4x — 8y = 36 29. 5x + 15y = 20 30. V— De 3 
3x — 6y = 15 27 6y = 12 3x + 4y = -1 
3xi= 2y 4+ 7 32. 2y = 4 —- 9x 33. 2x + 9y = 16 
5x — 2y = 13 Tey = 25 5x = 1 — 3y 
3x —-4=y+ 18 35.) 244 By = 4 = 2% 36. 5x - 3y=3y +4 
4x + 5y = -21 Tet Ly = 9 4x + 3y=11 


APPLYING THE CONCEPTS 


37. 





38. 


39. 


40. 


41. 


Describe in your own words the process of solving a system of equations 
by the addition method. 


The point of intersection of the graphs of the equations Ax + 2y = 2 and 
2x + By = 10 is (2, —2). Find A and B. 


The point of intersection of the graphs of the equations Ax — 4y = 9 and 
4x + By = —1 is (-1, —3). Find A and B. 
For what value of k is the system of equations dependent? 
2 
a. 2x + 3y =7 by =a > c4=ky = 1 
4x + 6y =k y= ke 3 y=2x +2 


For what value of k is the system of equations inconsistent? 
a xt+y=7 b. x+2y=4 oc 2k+ky=1 
kx +y =3 kx + 3y =2 x+2y=2 
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rR 4 Application Problems in 
° Two Variables 


Objective A To solve rate-of-wind or rate-of-current problems 


We normally need two variables to solve motion problems that involve an object 
moving with or against a wind or current. 








=» Flying with the wind, a small plane can fly 600 mi in 3 h. Against the wind, 
the plane can fly the same distance in 4 h. Find the rate of the plane in calm 
air and the rate of the wind. 


ae A Pie POT I, PO, PK TS IK er, PS A I a I 
Strategy for Solving Rate-of-Wind or Rate-of-Current Problems 


Choose one variable to represent the rate of the object in calm 

conditions and a second variable to represent the rate of the wind or current. Using 
these variables, express the rate of the object with and against the wind or current. 
Use the equation rt = d to-write expressions for the distance traveled by the object. 
The results can be recorded in a table. 


Serie“ Sl fle SSS Ses” ‘iW eS Sk Yak Seok et” a ae De de 


@®eeee#ees# ¢ 
Sess Ss os a ee Oe 


Rate of plane in calm air: p 
Rate of wind: w 





| a ee ee ee ee te ee ee ee Ne nN 


» Determine how the expressions for distance are related. ° 


& ee0eeeeeetxseueesesex45#e ®@#eeeeeee#eeé s®e0«exeeeee%ee#e#e#eee P| 


The distance traveled with the wind is 600 mi. 3(p + w) = 600 
The distance traveled against the wind is 600 mi. 4(p — w) = 600 


Solve the system of equations. 


1 I 
3(p + w) = 600 Bet) ae 000 p + w = 200 
—> — 
= 
4(p — w) = 600 Gp ares Coe p—w= 150 
2p = 350 
p=175 
p+ w= 200 
175 + w = 200 
w = 25 


The rate of the plane in calm air is 175 mph. 
The rate of the wind is 25 mph. 
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\ 
Alea 1 hx Try it 1 
A 450-mile trip from one city to another takes A canoeist paddling with the current can 
3 h when a plane is flying with the wind. The travel 15 mi in 3 h. Against the current, it 
return trip, against the wind, takes 5 h. Find takes the canoeist 5 h to travel the same 
the rate of the plane in still air and the rate of distance. Find the rate of the current and 
the wind. the rate of the canoeist in calm water. 


Strategy Your strategy 
e Rate of the plane in still air: p 
Rate of the wind: w 





e The distance traveled with the wind is 
450 mi. The distance traveled against the 
wind is 450 mi. 


Solution Your solution 
1 1 
3(p + w) = 450 a Tu) ay t50 
1 1 
5(p — w) = 450 5B MP Wie 450 
pt+w= 150 
p—-w=90 
2p = 240 
p = 120 
pt+w=150 
120 + w = 150 
w = 30 


The rate of the plane in still air is 120 mph. 
The rate of the wind is 30 mph. 


Solution on p. S21 





Objective B | 





To solve application problems using two variables 





The application problems in this section are varieties of those problems solved 
earlier in the text. Each of the strategies for the problems in this section will 
result in a system of equations. 
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ad rani ofa problem from 
an ancient (around 1500 B.C.) 
Babylonian text. “There are two 
silver blocks. The sum of 


ee of the first block and = of 
Wi 11 


the second block is one 
sheqel (a weight). The first 


block diminished by : of its 
weight equals the second 
diminished by of its weight. 


What are the weights of the two 
blocks?” 
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=» A jeweler purchased 5 oz of a gold alloy and 20 oz of a silver alloy for a total 


cost of $540. The next day, at the same prices per ounce, the jeweler pur- 
chased 4 oz of the gold alloy and 25 oz of the silver alloy for a total cost of 
$450. Find the cost per ounce of the gold and silver alloys. 


Cie an 8 I oS O88 P28 A, O08 O90 2 OO. 0. @. 0 © 0 ©. 2.2. ay 


Strategy for Solving an Application Problem in 
Two Variables _ 


Choose one variable to represent one of the unknown quantities and a second variable 
to represent the other unknown quantity. Write numerical or variable expressions for 
all the remaining quantities. These results can be recorded in two tables, one for each 
of the conditions. 


jae Sat SSeS See Sa” See Mi a a a a eae eee 


eee%wegeg#e+ees 
ee#eee#é¢6é6 


Cost per ounce of gold: g 
Cost per ounce of silver: s 


First day: 


Second day: 





Cer iBihe ch Petal PRB RP A Tet Sohe SSP AR kates eet ale ena 


» Determine a system of equations. Each table will give one equation of the system. ° 


aE a a al ma Saar ae st oe tae he eo 


The total value of the purchase on the first day was $540. 5g + 20s = 540 
The total value of the purchase on the second day was $450. 4g + 25s = 450 


Solve the system of equations. 


5g + 20s = 540 4(5g + 20s) = 4 - 540 20g + 80s = 2160 
4g + 25s = 450 —5(4g + 25s) = —5 - 450 —20g — 125s = —2250 
FAs ee 
s=2 
5g + 20s = 540 
5g + 20(2) = 540 es=2 
5g + 40 = 540 
5g = 500 
= 100 


The cost per ounce of the gold alloy was $100. 
The cost per ounce of the silver alloy was $2. 
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OSES 2 Be Try It 2 


A store owner purchased 20 incandescent light 
bulbs and 30 fluorescent bulbs for a total cost 
of $40. A second purchase, at the same prices, 
included 30 incandescent bulbs and 10 
fluorescent bulbs for a total cost of $25. Find 
the cost of an incandescent bulb and of a 
fluorescent bulb. 


Strategy 
Cost of an incandescent bulb: b 
Cost of a fluorescent bulb: f 


First purchase: 





The total cost of the first purchase was $40. 
The total cost of the second purchase was $25. 


Solution 
20b + 30f = 40 3(20b + 30f) = 3 - 40 
30b + 10f = 25) = 26305: + 107) = =2 25 


60b + 90f = 120 
—~60b — 20f = —50 


70f = 70 
eau 
20b + 30f = 40 
20b + 3001) = 40 
20b = 10 
1 
Ht, 


The cost of an incandescent bulb was $.50. 
The cost of a fluorescent bulb was $1.00. 


A citrus grower purchased 25 orange trees 
and 20 grapefruit trees for $290. The next 
week, at the same prices, the grower bought 
20 orange trees and 30 grapefruit trees for 
$330. Find the cost of an orange tree and the 
cost of a grapefruit tree. 


Your strategy 


Your solution 


Solution on p. S21 
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8.4 Exercises 


Objective A Application Problems 


A whale swimming against an ocean current traveled 60 mi in 2 h. Swim- 
ming in the opposite direction, with the current, the whale was able to 
travel the same distance in 1.5 h. Find the speed of the whale in calm 
water and the rate of the ocean current. 


A plane flying with the jet stream flew from Los Angeles to Chicago, a dis- 
tance of 2250 mi, in 5 h. Flying against the jet stream, the plane could fly 
only 1750 mi in the same amount of time. Find the rate of the plane in 
calm air and the rate of the wind. 


A rowing team rowing with the current traveled 40 km in 2 h. Rowing 
against the current, the team could travel only 16 km in 2 h. Find the row- 
ing rate in calm water and the rate of the current. 


The bird capable of the fastest flying speed is the swift. A swift flying with 
the wind to a favorite feeding spot traveled 26 mi in 0.2 h. On returning, 
now against the wind, the swift was able to travel only 16 mi in the same 
amount of time. What is the rate of the swift in calm air and what was the 
rate of the wind? 


A private Learjet 31A was flying with a tailwind and traveled 1120 mi in 
2 h. Flying against the wind on the return trip, the jet was able to travel 
only 980 mi in 2 h. Find the speed of the jet in calm air and the rate of the 
wind. 


A plane flying with a tailwind flew 300 mi in 2 h. Against the wind, it took 
3 h to travel the same distance. Find the rate of the plane in calm air and 
the rate of the wind. 


A Boeing Apache Longbow military helicopter traveling directly into a 
strong headwind was able to travel 450 mi in 2.5 h. The return trip, now 
with a tailwind, took 1 h 40 min. Find the speed of the helicopter in calm 
air and the rate of the wind. 


A seaplane pilot flying with the wind flew from an ocean port to a lake, a 
distance of 240 mi, in 2 h. Flying against the wind, the pilot flew from the 
lake to the ocean port in 2 h 40 min. Find the rate of the plane in calm air 
and the rate of the wind. 


Rowing with the current, a canoeist paddled 14 mi in 2 h. Against the cur- 
rent, the canoeist could paddle only 10 mi in the same amount of time. 
Find the rate of the canoeist in calm water and the rate of the current. 


Objective B Application Problems 


10. 


11. 


A computer online service charges one hourly price for regular use but a 
higher hourly rate for designated “premium” areas. One customer was 
charged $28 after spending 2 h in premium areas and 9 regular hours; 
another spent 3 h in the premium areas and 6 regular hours and was 
charged $27. What does the online service charge per hour for regular and 
premium services? 

A baker purchased 12 lb of wheat flour and 15 |b of rye flour for a total 
cost of $18.30. A second purchase, at the same prices, included 15 lb of 
wheat flour and 10 lb of rye flour. The cost of the second purchase was 
$16.75. Find the cost per pound of the wheat flour and of the rye flour. 
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12. 


13. 


14. 


15. 


Chapter 8 / Systems of Linear Equations 


An investor owned 300 shares of an oil company and 200 shares of a 
movie company. The quarterly dividend from the two stocks was $165. 
After the investor sold 100 shares of the oil company and bought an addi- 
tional 100 shares of the movie company, the quarterly dividend became 
$185. Find the dividend per share for each stock. 


A lab technician mixed 40 ml of reagent I with 60 ml of reagent II to pro- 
duce a solution that was 31% hydrochloric acid. A second solution, which 
was 31.5% hydrochloric acid, was created by mixing 35 ml of reagent I 
with 65 ml of reagent II. What is the percent hydrochloric acid in the two 
reagents? 


A pastry chef created a 50-ounce sugar solution that was 34% sugar from 
a 20% sugar solution and a 40% sugar solution. How much of the 20% 
sugar solution and how much of the 40% sugar solution were used? 


The octane number of 87 on gasoline means that it will fight engine 
“knock” as effectively as a reference fuel that is 87% isooctane, a type of 
gas. Suppose you want to fill an 18-gallon empty tank with some 
87-octane gasoline and some 93-octane fuel to produce a mixture that is 
89-octane. How much of each type of gasoline must you use? 


APPLYING THE CONCEPTS 


16. 


7, 


18. 


19. 


20. 


Two angles are supplementary. The larger angle is 15° more than twice the 
measure of the smaller angle. Find the measures of the two angles. (Sup- 
plementary angles are two angles whose sum is 180°.) 


The value of the nickels and dimes in a coin bank is $.25. If the number 
of nickels and the number of dimes were doubled, the value of the coins 
would be $.50. How many nickels and how many dimes are in the bank? 


An investor has $5000 to invest in two accounts. The first account earns 
8% annual simple interest, and the second account earns 10% annual sim- 
ple interest. How much money should be invested in each account so that 
the annual simple interest earned is $600? 


Solve the following problem, which dates from a Chinese manuscript 
called the Jinzhang that is approximately 2100 years old. “The price of 
1 acre of good land is 300 pieces of gold; the price of 7 acres of bad land 
is 500 pieces of gold. One has purchased altogether 100 acres. The price 
was 10,000 pieces of gold. How much good land and how much bad land 
was bought?” Adapted from Victor J. Katz, A History of Mathematics, An 
Introduction (New York: HarperCollins, 1993), p. 15. 


A coin bank contains only nickels or dimes, but there are no more than 
27 coins. The value of the coins is $2.10. How many different combina- 
tions of nickels and dimes could be in the coin bank? 
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oe Focus on Problem Solving 


Using a Table Consider the numbers 10, 12, and 28 and the sum of the proper factors (the nat- 
and Searching ural number factors less than the number) of those numbers. 
for a Pat 
tee iG Ate = 16 28-1 424 44-72 Ieee 
10 is called a deficient number because the sum of its proper factors is less than 
the number (8 < 10). 12 is called an abundant number because the sum of its 
proper factors is greater than the number (16 > 12), and 28 is called a perfect 
number because the sum of its proper divisors equals the number (28 = 28). 


Our goal for this Focus on Problem Solving is to try to find a method that will 
determine whether a number is deficient, abundant, or perfect without having to 
first find all the factors and then add them up. We will use a table and search for 
a pattern. 


Before we begin, recall that a prime number is a number greater than 1 whose 
only factors are itself and 1, and that each natural number greater than 1 has a 
unique prime factorization. For instance, the prime factorization of 36 is given 
by 36 = 2? - 3”. Note that the proper factors of 36 (1, 2, 3, 4, 6, 9, 12, 18) can be 
represented in terms of the same prime numbers. 


ea A On me oe) 


Now let us consider a trial problem of determining whether 432 is deficient, 
abundant, or perfect. 











=a ee eee We write the prime factorization of 1 Vets eS eel 
oa eae _ 432 as 2*- 3° and place the factors of 2 DSi aS ene 
factor 432 — 2! - 3°, _ 432 in a table as shown at the right. he MP ee ae ye De Be 
which isnot a proper ~~‘ This table contains all the factors of PRIA ace MPO cES 939! 3 
factor. _ 432 represented in terms of the prime 2a O28 2s ee 

number factors. The sum of each col- Sum 31) 3le 3) Slee ie 


umn is shown at the bottom. 
Here is the calculation of the sum for the column headed by 1 - 3. 
(e323 2? 3 4: 9: Bee 3 = tt ee 2 2) 3 8) 
For the column headed by 1 - 3? there is a similar situation. 
{32 4p 0 Bab 2? 32 492. 32 4 4, 22 = PD? +2? 7 D)3 = 313) 
The sum of all the factors (including 432) is the sum of the last row. 


Sum of 
all factors 


=o (erst GME 1 932 Ie 3° = SIS 463s 3140) a0 
To find the sum of the proper factors, we must subtract 432 from 1240; we get 
808 (see Take Note). Thus 432 is abundant. 


We now look for some pattern for the sum of all the factors. Note that 


Sum of left. 1+ 2 + 27+ 22+ 2%= =14+34 374+ 3° Sumof 
column top row 
31(40) = 1240 


This suggests that the sum of the proper factors can be found by finding the sum 
of all the prime power factors for each prime, multiplying those numbers, and 
then subtracting the original number. Although we have not proved this for all 
cases, it is a true statement. 
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For instance, to find the sum of the proper factors of 3240, first find the prime 
factorization. 


3240 = 2° - 37-5 
Now find the following sums: 
ta 2 et. Lo 8 es Sed 1+5=6 


The sum of the proper factors = (15)(121)6 — 3240 = 7650. Thus 3240 is 
abundant. 


Determine whether the number is deficient, abundant, or perfect. 


1. 200 23125 3. 8128 4. 10,000 
5. Is a prime number deficient, abundant, or perfect? 


e Projects and Group Activities 


Finding a Pattern The Focus on Problem Solving involved finding the sum of 1 + 3 + 3* and 
1 + 2 + 2? + 2°. For sums that contain a larger number of terms, it may be dif- 
ficult or time-consuming to try to evaluate the sum. Perhaps there is a pattern 
for these sums that we can use to calculate them without having to evaluate each 
exponential expression and then add the results. 


Look at the following from the calculation of the sum of the factors of 3240. 
V2 2? | 2? See ae 
2c cf 2*- 1 
Pa | 1 
3 ost BS 1 8 O07 or = 121 


31h eerpal ache geese4as Ste 47 
yl: SAT igmisel mem Sy see 





=plGCe fee" 1s) 








Consider another sum of this type. 
1+7+7+7+7+7P=14+7+ 49 + 343 + 2401 + 16,807 = 19,608 
(Siete ON etl rl Wie. Oh te eS 





(ie liens 6 fo sg ae 
On the basis of the examples shown above, make a conjecture about the value 
of l+n+n?+n?>4+n*+---+n*, where n and k are natural numbers greater 
than 1. 


Solving a System of By using the addition method, it is possible to solve the system of equations 
Equations with a 





gh ht ax + by=c 
Scientific Calculator dx +ey =f 
The solution is 
eee i. » Of =a 
a and eS where ae — bd # 0 


Using this solution, we can solve a system of two equations in two variables with 
a calculator. It is helpful to observe that the denominators of both expressions 
are identical. The calculation of the denominator is done first and then stored in 
the calculator’s memory. If the value of the denominator is zero, the system of 
equations is dependent or inconsistent, and this calculator method cannot be used. 
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Solve: 20 5y = 9 
4x + 3y = 2 
Make a list of the values of a, b, c, d,e, and f. 


a=2 b=-5 c=9 
































d=4 e=3 f=2 

Calculate the denominator 2, X13] (5 Helix =] Me]! 
Wee ay PASE I5 EA E4) be 
oc eee LO9LXJ3E)s5FAK)]2DI]/ EE] mi E] 
variables in x = PTS Fs The result should be approximately 1.423077. 
by their values. 
gs : LC] 2 x] 2 [=] 9] 4 (Do [es mri es 

: ; _. GH =E 
variables in y = eT The result should be approximately — 1.230769. 


by their values. 


The approximate solution is the ordered pair (1.423077, — 1.230769). The result is 
an approximation because the calculator display is an approximation to the 
exact result. 


Solve by using a scientific calculator. 


f. 3.29x + 41 7y = —2.34 2. 27x + 17y = 50 
034722017) — 0.1 4.5x — 9.2y = 18.3 
2 i 
35 =-x-—4 4,.y=-x+ 
y ae y ne 2 
2 
2x+y= ye a es) 


5. Use the addition method to show that the solution of the system of equations 
ax + by=c Ce DE ay —ed 
and 4) ===> 


Hhpslayey se) DEMON aS rare ne a bd’ Where ae — bd # 0. 


Solving a System of A graphing calculator can also be used to approximate the solution of a system 

Equations with a_ of equations in two variables. Graph each equation of the system of equations, 

Graphing Calculator and then approximate the coordinates of the point of intersection. The process 

(<>) by which you approximate the solution depends on what model of calculator you 

have. In all cases, however, you must first solve each equation in the system of 
equations for y. 






Solve: 2x -5y=9 
4x + 3y =2 


Solve each equation for y. 


2h 9 4x + 3y=2 
Se OD 3y = —4x + 2 
i eee Sl i 
ses ‘hl cl aa ae 


1Some calculators use STO to store a result and use RCL to recall the result. 
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The graphing calculator screens shown below are taken from a TI-83 Plus. 


Similar screens would appear if we used a different graphing calculator. 


For the TI-83 and TI-83 Plus, press [Y=]. 
Enter one equation as Y1 and the other as Y2. 
The result should be similar to the screen at 
the right. 


Press [GRAPH], The graphs of the two equa- 
tions should appear on the screen. If the 
point of intersection is not on the screen, 
adjust the viewing window by pressing the 


key, 


Press CALC'S [ENTER]. 
After a few seconds, the point of intersection 
will show on the bottom of the screen as 
X = 1.4230769, Y = —1.230769. 


Solve by using a graphing calculator. 


1. 4x — 5y = 3 2. 3x4 4+ 2y=— 11 
Di a Ly =e i Ova ave 

3. x = 3y +2 4.x=2-5 
y=4x-—2 x = Sy 2 


Plot] Plot2 Plot3 
\Y1 6 2X/5-9/5 
\Yo B -4X/3+2/3 





10 


—10 10 


—10 


Intersection 
X=1.4230769 | Y=-1.230769 





Gertie ; ERT 


Key Words 


Essential Rules 


Equations considered together are called a system of equations. |p. 369 | 


A solution of a system of equations in two variables is an ordered pair that is a : 


solution of each equation of the system. |p. 369] 


An independent system of equations has one solution. [p. 370] 


A dependent system of equations has an infinite number of solutions. [p. 370] 


An inconsistent system of equations has no solution. [p. 370] 


A system of equations can be solved by the graphing method, the substitution 


method, or the addition method . 


Annual Simple Interest Equation 


I = Pr, where J is the annual simple interest, P is the principal, and r is the annual 


interest rate as a decimal. |p. 381] 


e 
e 


e 
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© Chapter Review 


1. Is (—1, —3) a solution of this system of equa- 2. Is (—2, 0) a solution of this system of equa- 
forse ee EE eng we ma 
Sey if V-6xi— 4y = 1) 
3. Solve by graphing: 4. Solve by graphing: 5. Solve by graphing: 
3x -—-y=6 4x —2y =8 x+2dy=3 
y=-3 =2x-4 1 
Z is ee || 
z 
y : 
at : 








6. Solve by substitution: 7. Solve by substitution: 8. Solve by the addition 
4x + 7y = 3 6x —-y =0 method: 
A= yi 2 Li = 1 3x + 8y =-1 
Ky 
9. Solve by the addition 10. Solve by substitution: 11. Solve by substitution: 
method: 12x — 9y = 18 8x —y=2 
¢ 6x + 4y = -3 aut eas y=5xe4+ 1 
; 12x — 10y = -15 Be 113 
; 
Oo 
= 12. Solve by the addition 13. Solve by the addition | 14. Solve by substitution: 
- method: method: 4x + 3y = 12 
2 4x —y =9 Ski Wiis ooo “heel 
g 2x + 3y = -13 20x + 28y = 63 y ae 
© 
3 
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\ 
15. Solve by substitution: 16. Solve by the addition 17. Solve by the addition 
Te sy. = —16 method: method: 
x-22’=5 3h y= 2 6x — 18y =7 
9K oy =O 9x + 24y =2 





18. Asculling team rowing with the current went 24 mi in 2 h. Rowing against 
the current, the sculling team went 18 mi in 3 h. Find the rate of the 
sculling team in calm water and the rate of the current. 





19. An investor bought 1500 shares of stock, some at $6 per share and the rest 
at $25 per share. If $12,800 worth of stock was purchased, how many 
shares of each kind did the investor buy? 


20. A flight crew flew 420 km in 3 h with a tailwind. Flying against the wind, 
the flight crew flew 440 km in 4 h. Find the rate of the flight crew in calm 
air and the rate of the wind. 


21. A small plane flying with the wind flew 360 mi in 3 h. Against a headwind, 
the plane took 4 h to fly the same distance. Find the rate of the plane in 
calm air and the rate of the wind. 


22. Asmall wood-carving company mailed 190 advertisements, some requiring 
$.25 postage and others requiring $.45. The total cost for mailing was 
$59.50. Find the number of advertisements mailed at each rate. 


23. A Terra Cotta Art Center receives an annual income of $915 from two 
simple interest investments. One investment, in a corporate bond fund, 
earns 8.5% annual simple interest. The second investment, in a real estate 
investment trust, earns 7% annual simple interest. If the total amount 
invested in the two accounts is $12,000, how much is invested in each 
account? 


24. A silo contains a mixture of lentils and corn. If 50 bushels of lentils were 
added, there would be twice as many bushels of lentils as of corn; if 
150 bushels of corn were added instead, there would be the same amount 
of corn as of lentils. How many bushels of each were originally in the silo? 


25. Mosher Children’s Hospital received a $300,000 donation that it invested in 
two simple interest accounts, one earning 5.4% and the other earning 6.6%. 
If each account earned the same amount of annual interest, how much was 
invested in each account? 
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Is (—2, 3) a solution of this system? 
2x + Sy = 11 
x + 3y=7 


Solve by graphing: 3x + 2y = 6 
5x + 2y =2 





Solve by substitution: 
x=2y +3 
SK 2y 5 


Solve by substitution: 
3x — 5y = 13 
x+3y=1 


Solve by the addition method: 
4x + 3y = 11 
oy 


10. 


Chapter Test 405 


Is (1, —3) a solution of this system? 
34 = Ly = 9 
4x +y=1 


Solve by substitution: 
4x -y= 11 
y= 2x — 5 


Solve by substitution: 
3x + 5y = 1 
2% -y=5 


Solve by substitution: 
20 Ay ol 


{| 
is rae 


Solve by the addition method: 
2X y= 6 
Ay oy 1 
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\ 

11. Solve by the addition method: 12. Solve by the addition method: 
x+2y=8 7x + 3y =11 
3x + 6y = 24 250 = DV =o 


13. Solve by the addition method: 
5x + 6y = —-7 
3h ay = =) 


14. With the wind, a plane flies 240 mi in 2 h. Against the wind, the plane 
requires 3 h to fly the same distance. Find the rate of the plane in calm air 
and the rate of the wind. 


15. For the first performance of a play in a community theater, 50 reserved-seat 
tickets and 80 general-admission tickets were sold. The total receipts were 
$980. For the second performance, 60 reserved-seat tickets and 90 general- 
admission tickets were sold. The total receipts were $1140. Find the price 
of a reserved-seat ticket and the price of a general-admission ticket. 


16. Bernardo Community Library received a $28,000 donation that it invested 
in two accounts, one earning 7.6% simple interest and the other earning 
6.4% simple interest. If both accounts earned the same amount of annual 
interest, how much was invested in each account? 
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if; 


13. 


15. 


17. 


oa Cumulative Review 


2 
(a 2 





Evaluate when a = 4 and b = -2. 


Given f(x) = x* + 2x — 1, find f(2). 


; en 25): 
Simplify: ———— 
raga ya 


eae) 


8 
Simplify: Ser ; 





Solve: (x — 5)@ + 2) = -6 











= il Dye te | 
implify: > 
a are ne — 2 
ae =7/ 
: 2 
Solve ea aa 


Find the x- and y-intercepts for 2x — 3y = 12. 


Find the equation of the line that passes 


3 
through the point (—2, 3) and has slope a 


10. 


WZ; 


14. 


16. 


18. 


407 


Cumulative Review 


3 S) 

Solve: ——x = — 

QS ee a 
Simplify: (2a? — 3a + 1)(2 — 3a) 


Simplify: (4b* — 8b + 4) + (2b — 3) 


Factor: 4x*y* — 64y? 





eos 18 

Simplify: —————— + ———__|} 

EMPEY: Tye gto oaeeRIO 
be wa ae tS 
Simplify: = 
2 Oat ae 
Are 


Solve A = P + Prt for r. 


Find the slope of the line that passes through 
the points (2, —3) and (—3, 4). 


Is (2, 0) a solution of this system? 
5x — 3y = 10 
4x + 7y =8 


408 


19. 


Zi. 


a2. 


Fife 


24. 


20: 


Pg fp 


28. 
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Solve by substitution: 20. Solve by the addition method: 
3k ay = = 23 5x — 3y = 29 
x + 2y = —-4 4x + 7y=-5 


A total of $8750 is invested in two accounts. On one account, the annual 
simple interest rate is 9.6%; on the second account, the annual simple inter- 
est rate is 7.2%. How much should be invested in each account so that both 
accounts earn the same interest? 


A passenger train leaves a train depot ; h after a freight train leaves the 


same depot. The freight train is traveling 8 mph slower than the passenger 
train. Find the rate of each train if the passenger train overtakes the freight 
train in 3 h. 


The length of each side of a square is extended 4 in. The area of the result- 
ing square is 144 in’. Find the length of a side of the original square. 


A plane can travel 160 mph in calm air. Flying with the wind, the plane can 
fly 570 mi in the same amount of time as it takes to fly 390 mi against the 
wind. Find the rate of the wind. 


Graph 2x — 3y = 6. 26. Solve by graphing: 3x + 2y = 6 
3x — 2y =6 








With the current, a motorboat can travel 48 mi in 3 h. Against the current, 
the boat requires 4 h to travel the same distance. Find the rate of the boat 
in calm water. 


A child adds 8 g of sugar to a 50-gram serving of a breakfast cereal that is 
25% sugar. What is now the percent concentration of sugar in the mixture? 
Round to the nearest tenth of a percent. 
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Chapter 


‘Objectives 


Section 9.1 
A To write a set using the roster method 


B_ To write a set using set-builder notation 
C To graph an inequality on the number line 


Section 9.2 


A To solve an inequality using the Addition. 
Property of Inequalities : 

B To solve an inequality using the 
Multiplication Property of Inequalities 

C To solve application problems 


Section 9.3 

A To solve general inequalities 
B_ To solve application problems 
Section 9.4 


A To graph an inequality in two variables 


\ 


me Need help? For online student resources, such as section 


> quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 


_ Inequalities 





Making decisions is a part of life, and having a good 
understanding of the alternatives makes deciding between 
options much easier. For example, choosing which of two 
rental car companies will provide the more economical lease 
may be easier if you know how many miles you will drive the 
car. With that information, you can determine the “better 
deal” by writing and solving an inequality, such as those in 
the applications on pages 427 and 428. 


‘paasosa.t syst [py Aueduio9 uly uorysnoy © IysLAdoD 




















a. 
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ln 
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Sets 


Objective A To write a set using the roster method a) 





Recall that a set is a collection of objects, which are called the elements of 
the set. 


The roster method of writing a set encloses a list of the elements in braces. 
The set of the last three letters of the alphabet is written {x, y, z}. 
The set of the positive integers less than 5 is written {1, 2, 3, 4}. 


»» Use the roster method to write the set of integers between 0 and 10. 


A = {1,.2, 3, 4, 5, 6, 7, 8, 9} ° A set can be designated by a capital 
letter. Note that 0 and 10 are not 
elements of the set. 


=» Use the roster method to write the set of natural numbers. 


A = {1, 2, 3, 4, ...} © The three dots mean that the pattern of numbers continues 
without end. 


The empty set, or null set, is the set that contains no elements. The symbol © 
or { } is used to represent the empty set. 


The set of people who have run a 2-minute mile is the empty set. 


The union of two sets, written A U B, is the set that contains the elements of A 
and the elements of B. 


=> Find A U B, given A = {1, 2, 3, 4} and B = {3, 4, 5, 6}. 
Ane =i 2, 3.4515, 6} © The union of A and B contains all the elements of 
A and all the elements of B. Any elements that are 


in both A and B are listed only once. 


The intersection of two sets, written A M B, is the set that contains the elements 
that are common to both A and B. 


=> Find AN B, given A = {1, 2, 3, 4} and B = (3, 4, 5, 6}. 


AN B= 3, 4} e The intersection of A and B contains the elements common to A and B. 
Example 1 hee Try It 1 
Use the roster method to write the set of Use the roster method to write the set of the 
the odd positive integers less than 12. odd negative integers greater than —10. 
Solution Your solution 


Avast 135) 79, tty 
Solution on p. S22 
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Example 2 


Use the roster method to write the set of the 
even positive integers. 


Solution 
Av 42) 406... ot 


fet 3 


Find D U E, given 
= {6, 8, 10, 12} and 


= 8h) Om Onto. 

Solution 

DANO Et 85, =76426,,8)-10 12} 
eee 


Find A  B, given 
A= 156.9) 1) and 
B= {5, 9, 13, 15}. 


Solution 
A.B = 45, 9} 


Rok 5 


Find A / B, given 
A = {1, 2, 3, 44 and 
B = {8, 9, 10, 11}. 


Solution 
hes =o 





| Objective B ; 


Point of Interest 


The. a bol € was first used in 


th 1e book Arithmeticae Principia, 
published i in 1889. It is the first 
letter of the Greek word eau 
which means “is.” The symbols 
for union and intersection were 
also introduced at that time. 


{x |x > 4, x € real numbers} 


To write a set using set-builder notation 


ea Try It 2 


Use the roster method to write the set of the 
odd positive integers. 


Your solution 


Be Try It 3 


Find A U B, given 
A= {2 1,0) 1, 2rand 
B = {0, 1, 2, 3, 4}. 


Your solution 


is Try It 4 


Find CM D, given 
C = {10, 12, 14, 16} and 
D = {10, 16, 20, 26}. 


Your solution 


Ae Try It 5 
Find A M B, given 
A ={5)\—4) $3) =2and 
B = {2, 3,4; 5}. 


Your solution 


Solutions on p. S22 





Another method of representing sets is called set-builder notation. Using set- 
builder notation, we represent the set of all positive integers less than 10 as 


{x|x < 10, x € positive integers}, which is read “the set of all x such 
that x is less than 10 and x is an element of the positive integers.” 


=» Use set-builder notation to write the set of real numbers greater than 4. 


® “x € real numbers” is read “xis an 
element of the real numbers.” 
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aoa 6 I Try It 6 
Use set-builder notation to write the set of Use set-builder notation to write the set of 
negative integers greater than — 100. positive even integers less than 59. 
Solution Your solution 


eee eee eee erceoe scree seoeee 


‘Example 7 


_ {x|x > —100, x € negative integers} 


ae Try lt7 


Use set-builder notation to write the set of real Use set-builder notation to write the set of real 


numbers less than 60. 


Solution 


numbers greater than —3. 


Your solution 


{x|x < 60, x € real numbers} 


Objective C 


TAKE NOTE 
For the remainder of 
_ this section, all variables © 
_ will represent real 
_ numbers. Given this 
- convention, the 
_ expression {x|x > 1, 
_ x € real numbers} will 
_ be written as {x|x > 1}, 
_ as shown in the example ~ 
at the right. 


Solutions on p. S22 





To graph an inequality on the number line 





An expression that contains the symbol >, <, = Hi Ss 9) 
(is greater than or equal to), or S (is less than or 
equal to) is called an inequality. An inequality 
expresses the relative order of two mathemati- Sle Sy 4 
cal expressions. The expressions can be either 

numerical or variable. 


Sk) Inequalities 


An inequality can be graphed on the number line. 


= Graph: {x|x > 1} 


The graph is the real numbers 

greater than 1. The parenthesis at 1 oat oh tral nee ne ia 
indicates that 1 is not included in 

the graph. 


«> Graph: {x|x = 1} 


The bracket at 1 indicates that 1 is 


A ‘: ; Bios Sy eae as Al. 5 
included in the solution set. ces ANG cats re ree SS 


«> Graph: {x|—1 > x} 


—1| >x is equivalent to x < —1. The 
numbers less than —1 are to the left 
of —1 on the number line. 


5 4-32-1012 3 4°55 


The union of two sets is the set that contains all the elements of each set. 


«> Graph: {x|x > 4} U {x|x < 1} 


The graph is the numbers greater 


than 4 and the numbers less than 1. Ree es Oe ee 
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The intersection of two sets is the set that 


both sets. 


contains the elements common to 


=> Graph: {x|x > —1} 9 {x|x < 2} 


The graphs of {x|x > —1} and {x|x < 2} 


are shown at the right. ame eae img 7, =) 
543 2 0 4 ee 
The graph: of {x|x > —1} M {x|x < 2} is 
the numbers between —1 and 2. Buna rca 
ieie 8 ls Try It 8 


Graph: {x|« < 5} 


Solution 
The solution set is the numbers less than 5. 


5 4-32-1012 3 4 5 


Graph: ie|—2 = 4) 


Your solution 


- 4-3 2-1 0 1 


fee: 7 hes: Try It 9 


Graphsixls = —2) O4xle <1} 


Solution 
The solution set is the numbers between —2 
and 1. 


- -4 -3 2-1 012 3 4 5 


ea 10 
Graph: {x|x = 5} U {x|x = —3} 


Solution 
The solution set is the real numbers. 


pe 
-5 4-32-1012 3 4°55 


Graph: tale Sie de = = sy 


Your solution 





: eoeoeereeereeereerececeseoeeee sees e eee e eee eer esce eee eeeeseerees 


‘You Try It 10 
Graph: {x|x < 2} U {x|x = —2} 


Your solution 





Soe alates temlane tah tt 
= -4=3 2 =1 0 1 23 4 5 


ere 11 hai Try It 11 


Grapiiale. > Shu {xlo =< Tt 
Solution 
The solution set is the numbers greater than 3 


and the numbers less than 1. 


=§ -4=3'-—2 -1 0 1 23.4 = 5 


Graph: {x|x = 44.9 {x|x = —4} 


Your solution 


=5) 4523) 23-1 0) 2-3) 45 


Solutions on p. S22 
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Objective A — 


1. Explain how to find the union of two sets. 


x 


©, 


24 
Use the roster method to write the set. 


3. The integers between 15 and 22 
5. The odd integers between 8 and 18 
7. The letters of the alphabet between a and d 


Find A: UB. 


9, A= {3,4,5} B= {4, 5, 6} 
11. A={-10,-9,-8} B= {8,9, 10} 
13. A= ja, b, d,e} B = {c, d,e, f} 


15. A= {1, 3,7, 9} Bids, 95 Weld} 


Ping: AB: 


17. A= (3, 4,5} Baise! 
1A == 4A 32) Bo 2, Sah 
Zi A. 1a, 1b, c-d; e} Bi eid ent et 


Objective B 





Use set-builder notation to write the set. 


23. The negative integers greater than —5 


25. The integers greater than 30 


27. The even integers greater than 5 


29. The real numbers greater than 8 


4 
2. Explain how to find the intersection of two sets. 


10. 


12. 


14. 


16. 


18. 


20. 


Pap &e 


24. 


26. 


28. 


30. 
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The integers between —10 and —4 
The even integers between —11 and —1 


The letters of the alphabet between p and v 


A={-3,-2,-1} B= {-2,-1,0} 
A = {a, b, c} Bets v5 Zz} 

A= {myn pd B= \iu, 1,0} 
A={-3,-2,-1} B= {-1,1,2} 


A={-4,-3,-2} B= {-6, -5, -4} 


A= iie23 At B = {1, 2, 3, 4} 


A = {m, yO; py Beak ebony ily 


The positive integers less than 5 


The integers less than —70 


The odd integers less than —2 


The real numbers less than 57 
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\ 
Objective C_ 
Graph. 
ile eealee = ya 820K Ealy 
a ee 
Sw ee es ies ee Be ee ee ee ia ind a a oes, 
33. ix|x = 0} 34, {x|x <4} 
oe tt 
ES eS Ta ay a lee Se eal bredoes = al Od ee ee 
35.4% le > —26U Ix |x < —4} 362. {n\n Sa ale = 2 
SS SSS ee 
ene? =). 0 ees 4S £5124 Oe oes 
Bie xin = —2) 14x lx = 4} 38. {x|x > —3} Nixl« < 3} 
SSS SS SS SSS SE SSS SS See 
ie -Ap sae 0.1 2 Shy4S Bp a4-23182 2100 tip, oes 
39. {x|x = —2} U {x|x < 4} 40. {x|x>O}U{x|x = 4} 
SSS SS ae SSS eee 
A Abt IM 10. hd. Gases a5 43-2 ST 10. a oes 


APPLYING THE CONCEPTS 


41. Determine whether the statement is always true, sometimes true, or never 
true. 
a. Given that a > 0 andb <0, thenab > 0. 
b. Given that a < 0, then a’ > 0. 
c. Given that a > 0 andb <0, thena’ > b. 


42. By trying various sets, make a conjecture about whether the union of two 
sets is 
a. a commutative operation 
b. an associative operation 


43. By trying various sets, make a conjecture about whether the intersection 
of two sets is 
a. a commutative operation 
b. an associative operation 
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The Addition and Multiplication 
Properties of Inequalities 


9 @ 2 
Objective A : To solve an inequality using the 


Addition Property of Inequalities 





The solution set of an inequality is a set of numbers each element of which, 
when substituted for the variable, results in a true inequality. 


The inequality at the right is true if the Soe SYS 

variable is replaced by 7, 9.3, or =. 7+5>8 
ae +5 >8\ true inequalities 
3 Se kets) 

The inequality x +5 > 8 is false if the PRES 

variable is replaced by 2, 1.5, or >. = + 5 > 8 / False inequalities 
a a) See) 


There are many values of the variable x that will make the inequality x + 5 > 8 
true. The solution set of x + 5 > 8 is any number greater than 3. 


At the right is the graph of the ee eee 
solution set of x + 5 > 8. 5 4-32-1012 3 45 


In solving an inequality, the goal is to rewrite the given inequality in the form 
variable > constant or variable < constant. The Addition Property of Inequalities 
is used to rewrite an inequality in this form. 


Addition Property of Inequalities 


The same term can be added to each side of an inequality without changing the solution 
set of the inequality. 

iia > D,thena + ¢ >) +c; 

if.a=. pb, then.a + ¢ =D +-<¢. 





The Addition Property of Inequalities also holds true for an inequality con- 
taining the symbol = or =. 


The Addition Property of Inequalities is used when, in order to rewrite an 
inequality in the form variable > constant or variable < constant, we must 
remove a term from one side of the inequality. Add the opposite of that term to 
each side of the inequality. 


= Solve: x — 4 < —3 


5 Bam Se) 
Ge Aer 4-3 + 4 ¢ Add 4 to each side of the inequality. 
SE © Simplify. 


At the right is the graph of the 
solution set of x — 4 < —3. SSreaiesye2 -1 0 1 2 3 4 5 
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Because subtraction is defined in terms of addition, the Addition Property 
of Inequalities allows the same term to be subtracted from each side of an 
inequality. 


=> Solve: 5x — 6 = 4x -— 4 
5 OS 4 


5c 4 6 S44 — Ay 4 . © Subtract 4x from each side of the inequality. 
Ae Olea ¢ Simplify. 
% = © a0 = —Ai-; 6 © Add 6 to each side of the inequality. 
Zee © Simplify. 
Ee 1 Re Try It 1 
Solve 3 < x + 5 and graph the solution set. Solve x + 2 < —2 and graph the solution set. 
Solution Your solution 
Se Te are) 
Se ek te Ot 
DIG 
SSS SS a a ee 
Poe I Sip RA alee eR rai eS el SA greg 22 24° 8o' PO2 9 4.5 
| dye Bia yan asia an CoO ORT Sue ph aa ie ESR Ae i eater ga shotaie sagen rae eines Sak oe dt oe ee 
“Example 2 You Try It 2 
Solve: 7x — 14 = 6x — 16 Solver5x +°3 > 4x 4°5 
Solution Your solution 


7x — 14 = 6x —- 16 
1-66 14 = 6 — 60 = 116 


x- 14-16 
x-14+14=-16+4 14 
ea 


Solutions on p. S22 





Objective =) To solve an inequality using the 


Multiplication Property of Inequalities 





In solving an inequality, the goal is to rewrite the given inequality in the form 
variable > constant or variable < constant. The Multiplication Property of In- 
equalities is used when, in order to rewrite an inequality in this form, we must 
remove a coefficient from one side of the inequality. 
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5 
i 
i 


‘ 





_geteccenoranoponeenenstacotoe 


sorntetey 





Any time an inequality 


_ is multiplied or divided 


by a negative number, 
the inequality symbol 
must be reversed. 
Compare the next two 
examples. 
Divide each 
side by 
fe positive 2. 
ee Inequality is : 
not reversed. | 
2x <4  Divideeach | 
—9x 4 Side by 
1a > 9 negative2. 
psa S Inequality is | 
reversed. 





TAKE NOTE | 


As shown in the : 
example at the right, the | 
goal in solving an | 
inequality can be 

constant < variable or 
constant > variable. We 
could have written the 
answer to this example 
asx > —}. 


RIA ALOR SENSES 
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Multiplication Property of Inequalities 










Each side of an inequality can be multiplied by the same positive number without 
changing the solution set of the inequality. 


lfa> bandc > 0,then ac > be. 
lf a< band c > 0, then ac < be. 


If each side of an inequality is multiplied by the same negative number and the inequality 
symbol is reversed, then the solution set of the inequality is not changed. 


lf a > band c <0, then ac < be. 
lfa< band c< 0,then ac > be. 


524 e A true inequality 
Se 42) © Multiply by positive 2. 
10>8 © Still a true inequality 
6<9 e A true inequality 
6(]3)i=-9(=3) ¢ Multiply by negative 3 and reverse the inequality. 
== RoR eA © Still a true inequality 


The Multiplication Property of Inequalities also holds true for an inequality 
containing the symbol = or =. 


=> Solve Sx < 6 and graph the solution set. 


Zi sn E10 e Multiply oo side of the inequality by -. 
) 3 2 Because ay is a negative number, the inequality 
T 2(- 3x) o 2 (6) symbol must be reversed. 
x=-4 


e Graph x = —4. 
S524 23 SEO MID 3 4 5 Grap 


Because division is defined in terms of multiplication, the Multiplication 
Property of Inequalities allows each side of an inequality to be divided by a 
nonzero constant. 


=> Solve: —4 < 6x 


—-4< 6x 
cae 2 6x e Divide each side of the inequality by 6. 
6 6 
<x * Siaplitp === 
aoa implify:—— = —3 
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| 
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eee coos ere eee eee eee eee e eee eee eeeeeeeteeeeeeeeee ee ee ees & 


Example 3 Solve —7x > 14 and graph the 
solution set. 


Solution — Tx => 14 
eres 
= 7 =i 
ye a) 
25| 24703) 2180 cheesy ok eo 
Example 4 
5 
Solve mat a5 
Solution et ae 
oluti ar a 
Of eS 8/5 
DGS SA 
pies 
bers 


eee reese eee ees ese ees eee eee esses sees eseeerseeseeseeseeeeeene 


Example 5 

A student must have at least 450 points 

out of 500 points on five tests to receive 

an A in a course. One student’s results on the 
first four tests were 94, 87, 77, and 

95. What scores on the last test will 

enable this student to receive an A in 

the course? 


Strategy 

To find the scores, write and solve an 
inequality using N to represent the 
possible scores on the last test. 


Solution 


Total number | is greater 
than or 


equal to 


94 eStart Ti 95et N = 450 
353 + N = 450 

393 °= 303) 4) N= 450" "353 
N= 97 


450 


of points on 
the five tests 





The student’s score on the last test must be 
greater than or equal to 97. 


hi Try It 3 


Ov /0. B18) ©) OK CKO 0 0 On0 6B: 0) 0:18 O40 VOOle) CAPO © 0106 6.0) 81m 6),0).6) 0.8 \&, @) © i648) 879) 0 see 


Solve —3x > —9 and graph 
the solution set. 


Your solution 


= tt ttt tt 
= ype) el AO eal ewes iene een) 





ee Try it 4 


Solve: 2x = #8 


Your solution 


Solutions on p. S22 





An appliance dealer will make a profit on the 
sale of a television set if the cost of the new set 
is less than 70% of the selling price. What 
selling prices will enable the dealer to make a 
profit on a television set that costs the dealer 
$314? 


Your strategy 


Your solution 


Solution on p. S22 
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9.2 Exercises 


Solve and graph the solution set. 














Vee eg el od Re yt D2? 
<j tt Ht pee Se ee 
yg SU) ea ar ee Peed ss eee <0) 100232 aa 
Se SE trains mee Ce OR 
SSS a ie SS aa a a 
eet -2 1 0 1 2) 304. 5 2824 832221. 0 2 Beh. 4s 
>. fs=n+4 CS 
SSS ee SSS SSS SS SS aa 
Sh 2 VRS eS des ine aa ee ma JSD ee Rey eS OG le opera) 
ia 6 = 10 Sst 
SS Sa SS SS a eee 
e482) 1) 0) 12-3) 4-5 Bee ee ee igh AN et as 
Write an inequality that represents the set of numbers shown in the graph. 
oe 10. 
Seeds tel 0 1 2 3. 4 5 -§ -4 £32 QGnoetsiol (qeargs 
Pd. -4 4-44 4-4-4 4+ + 4+ 12. 
S432 eG 2 3 4A 5 3-493 210 yl po esos a> 
Solve. 
Srey oe 1 14. x«+8=-14 155 ok a re ee 
6 544-444 = 10 17.480 ale Tea 2 18, 37] 9S 20 3 
Toy 2 aK 7. 202 6G i Sok Zee 4k) =O St oe 
22. 55—-—9<3 + 4b 23.6% + 45x — 2 24 [ee 3 = 6x = 2 
1NO~1 
25. 2k ty SO 26 retro 2 ott! Pan Ae 
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28. 


31. 


34. 


371. 


40. 


Chapter 9 / Inequalities 


ager 
ace) 
8 6 
eee 
8 4 

1 

6x —><5x -= 

X X 5) 


3.0% =< 2.8x — 3.8 


n ~3,82-= 3.95 


Objective B 





29. 


32. 


35. 


38. 


41. 


Solve and graph the solution set. 


43. 


45. 


47. 


49. 


Si. 


oye = 1h 


e6ye4 © 3,2) 21 10) 


15 =<5y 


-5 -4 -3 2 -1 0 


1 


1 


2 3, 84S 


2) 8) ASS 








—8x >8 
eseadasre? 1" 0, 1 
—6b > 24 
a | ee (i 
BG ed ese S ci 0) id 


Bo 37 4a 


S 
+ 
col|Wm 
\V 
| 
Wh 


Se 
+ 
oO | UI 
IA 
nln 


5 5 
+= >2x +5 
3x 3 Dx 6 


ee <I ee = 7-8 


N= So 2a 


44. 


46. 


48. 


50. 


D2. 


4 


30. yr 


Sia 
IV 
=i 


33. 2 eS ras! 
Gs X ) 4G 4 

Tl 9 

36. dea Troms 


39. x+5.8 = 4.6 


42... %—0.23 0:47 





8x <= -24 

a pete 
Be WE ents 40) Cie en BS aie OS 

—48 < 24x 

sues Sp SS pt 
eel A al AOS 

se 3 (0) © 

25-4) 87-1) 0 eee eS 

—2n = -8 

-§\ 423-2 21 On ll eens 

—4% <8 

Sy et eer el 0) OE 
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Solve. 


53, 


57. 


61. 


65. 


69. 


73. 


Ad 


Objective C 


80. 


81. 


82. 


yO 
2x =-5 
5 
10 ao 
Be 19 
woe 
eo: 
Roe 4. 
Bor eg 16 
9 i 
—0.24x > 0.768 


Three-fifths of a number is greater than two-thirds. Find the smallest inte- 


54. 


58. 


62. 


66. 


70. 


74. 
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moa 
ah: —<aill5 
6 
2 

4 Saat 
2521 
3” 
nas oueantls 

5 i 
[Pox —==615.0 

78. 


Application Problems 


ger that satisfies this inequality. 


To be eligible for a basketball tournament, a basketball team must win at 
least 60% of its remaining games. If the team has 17 games remaining, 


55. 


59. 


63. 


67. 


71. 


75. 


4.25m > —34 


Lie 


S56 ZI 


= Sie <& (l) 


4 8 
< -—-— 
5) iS 


2.3% S529 


how many games must the team win to qualify for the tournament? 


To avoid a tax penalty, at least 90% of a self-employed person’s total 
annual income tax liability must be paid in estimated tax payments dur- 
ing the year. What amount of income tax must a person with an annual 


income tax liability of $3500 pay in estimated tax payments? 


56. 


60. 


64. 


68. 


Le 


76. 


79. 


Me S 1 
Zz 
—y=4 
39 
2 
cape 
14 e 
ae =0 
Bt = 
5 oe 
Th (arama 
—3.5d > 7.35 
—3.9x = -19.5 
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83. 


84. 


85. 


86. 


87. 


88. 


Chapter 9 / Inequalities 


A service organization will receive a bonus of $200 for collecting more 
than 1850 lb of aluminum cans during its four collection drives. On the 
first three drives, the organization collected 505 lb, 493 Ib, and 412 lb. 
How many pounds of cans must the organization collect on the fourth 
drive to receive the bonus? 


Computer software engineers are fond of saying that software takes at 
least twice as long to develop as they think it will. According to that say- 
ing, how many hours will it take to develop a software product that an 
engineer thinks can be finished in 50 h? 


A government agency recommends a minimum daily allowance of vita- 
min C of 60 mg. How many additional milligrams of vitamin C does a per- 
son who has already drunk a glass of orange juice with 10 mg of vitamin 
C need in order to satisfy the recommended daily allowance? 


To pass a course with a B grade, a student must have an average of 
80 points on five tests. The student’s grades on the first four tests were 75, 
83, 86, and 78. What scores can the student receive on the fifth test to earn 
a B grade? 


A professor scores all tests with a maximum of 100 points. To earn an A 
grade in this course, a student must have an average of 92 on four tests. 
One student's grades on the first three tests were 89, 86, and 90. Can this 
student earn an A grade? 


A health official recommends a maximum cholesterol level of 200 units. 
How many units must a patient with a cholesterol level of 275 units 
reduce her cholesterol level to satisfy the recommended maximum level? 


APPLYING THE CONCEPTS 


Given that a > b and that a and b are real numbers, determine for which real 
numbers c the statement is true. Use set-builder notation to write the answer. 


89. 
91. 


93: 


95. 
© 


Sa 
a 


ac > bc 90. ac <be 

atc>bte 92. at+c<btec 
b 

Cc Cc Cc (#) 


In your own words, state the Addition Property of Inequalities. 


In your own words, state the Multiplication Property of Inequalities. 
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General Inequalitie 


To solve general inequalities 


| Objective A 





Sams 
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Section 9.3 / General Inequalities 


S 
ie 


bh 


Solving an inequality frequently requires application of both the Addition and 
the Multiplication Properties of Inequalities. 


=> Solve: 4y —-3 = 6y4+ 5 
ay 3 = by + 5 
4Vvi— by a= 6Y — 6y OS 
=2) — 3 = 
iS ee ee eS 
ey 8 
oN 8 
—2 2 
ys -4 


© Subtract 6y from each side of the inequality. 
© Simplify. 

e Add 3 to each side of the inequality. 

e Simplify. 

© Divide each side of the inequality by —2. 


Because —2 is a negative number, the 
inequality symbol must be reversed. 


When an inequality contains parentheses, one of the steps in solving the inequal- 
ity requires the use of the Distributive Property. 


=> Solve: —2(x — 7) > 3 — 4(2x — 3) 
=O (Xe wl Neri os 4( 2X. — 3) 
= Dee ae 14h S'S) —— ewe =e IP 


e Use the Distributive Property to 
remove parentheses. 


ea Or el © Simplify. 
BON ROM eg eee OK OK sets ol © Add 8x to each side of the inequality. 
64-2 147515 © Simplify. 
6x 14 — 142 15 — 14 Subtract 14 from each side of the inequality. 
6x el © Simplify. 
64-— 1 ‘- : : E 
a > ez © Divide each side of the inequality by 6. 
e 1 
ees 
6 
Example 1 Solve: 7x — 3 = 3x + 17 Ki Try It 1 Solve: 5 — 4x > 9 — 8x 


Solution 1k => Soke AT 
WOK tS OK ST AT. 
0S tae dW 
4g— 3 +o 17 +3 
4x = 20 
4x 20 
— x= ———— 
4 4 
=D 


Your solution 


Solution on p. S22 
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[oe eee eee eee eee eee reer ereeseeererseoseeeoerere sess eeoeseeeees 


| Example 2 
Solve: 
3(3 — 2x) = —5x — 2(3 — x) 


Solution 
36.20) = 50 vay) 
Ces oye =e oye = (ea 2456 


O= 6h =3% =26 
9 = OX Roe 40 
923K 26 
OR Oe eee Ort 
Sok) tae cel be) 
ot ie be 
—-3 °° «~-3 


C5 


Objective B 





To solve application problems 


Ceo e error e reer er eee ree ee ereneeeeeoereeHeeeeeaeeeneHesese 


"You Try It 2 
Solve: 
8 — 4(3x + 5) S 6(x — 8) 


Your solution 


« Solution on p. S22 





eas, 


oem eee er eee oer eee reese se ese eee eseeeeseereeeeseeseeeeeseeos 


ee 3 : You Try It 3 


A rectangle is 10 ft wide and (2x + 4) ft 
long. Express as an integer the maximum 
length of the rectangle when the area is 
less than 200 ft?. (The area of a rectangle 
is equal to its length times its width.) 


Strategy 
To find the maximum length: 


e Replace the variables in the area formula by 
the given values and solve for x. 

e Replace the variable in the expression 2x + 4 
with the value found for x. 


Solution 
a 200 
less A 
than 





10(2x + 4) < 200 
20x + 40 < 200 
20x + 40 — 40 < 200 — 40 

20x < 160 

20x 160 

SS , < a 

20 20 

w= 8 


The length is (2x + 4) ft. Because x < 8, 
2x + 4 < 2(8) + 4 = 20. Therefore, the length 
is less than 20 ft. The maximum length is 19 ft. 


Company A rents cars for $8 a day and $.10 for 
every mile driven. Company B rents cars for 
$10 a day and $.08 per mile driven. You want 
to rent a car for 1 week. What is the maximum 
number of miles you can drive a Company A 
car if it is to cost you less than a Company B 
car? 


Your strategy 


Your solution 


Solution on pp. S22—S23 
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Objective A 

Solve. 
xe 8 = 2x Bee re Ae 3X Soy 2 Say 
Asye 2 7y DNO Cr Sa eta On Ox 
fee Ok 2 5x = 8 8. 24-92 5n +4 Dia 3 — 2 
LO. 8% —9 > 3x -—9 els “ONCS0SE 4) = ¢ (2s 102(60' + x) 
13 2(2y — 5) = 3(5'— 29) 14 26 8) Ree 83) 

pte = ee > 3( 24-5) 16.. 46d = WBC Sa) 

ia 438 ft) = 3(2, — 572) 183% 13 SG 22) SAC 3) 

Cee 3 4) = 4 2 Ga) 20. 4+ 2(3 — 2y) S 4(3y — 5) — 6y 


Wey yee: Application Problems 





21. The sales agent for a jewelry company is offered a flat monthly salary of 
$3200 or a salary of $1000 plus an 11% commission on the selling price 
of each item sold by the agent. If the agent chooses the $3200, what dol- 
lar amount does the agent expect to sell in 1 month? 


22. A baseball player is offered an annual salary of $200,000 or a base salary 
of $100,000 plus a bonus of $1000 for each hit over 100 hits. How many 
hits must the baseball player make to earn more than $200,000? 


428 


23: 


24. 


25. 


26. 


Zils 


Chapter 9 / Inequalities 


A computer bulletin board service charges a flat fee of $10 per month or a 
fee of $4 per month plus $.10 for each minute the service is used. How 
many minutes must a person use this service to exceed $10? 


A site licensing fee for a computer program is $1500. Paying this fee 
allows the company to use the program at any computer terminal within 
the company. Alternatively, the company can choose to pay $200 for each 
individual computer it has. How many individual computers must a com- 
pany have for the site license to be more economical for the company? 


For a product to be labeled orange juice, a state agency requires that at 
least 80% of the drink be real orange juice. How many ounces of artificial 
flavors can be added to 32 0z of real orange juice and have it still be legal 
to label the drink orange juice? 


Grade A hamburger cannot contain more than 20% fat. How much 
fat can a butcher mix with 300 lb of lean meat to meet the 20% 
requirement? 


A shuttle service taking skiers to a ski area charges $8 per person each 
way. Four skiers are debating whether to take the shuttle bus or rent a car 
for $45 plus $.25 per mile. Assuming that the skiers will share the cost of 
the car and that they want the least expensive method of transportation, 
find how far away the ski area is if they choose the shuttle service. 


APPLYING THE CONCEPTS 


28. 


Determine whether the statement is always true, sometimes true, or never 
true, given that a, b, and c are real numbers. 
a. Ifa > b, then —a > —b. 
b. Ifa < b, thenac < be. 
c. Ifa>b,thena+c>b+c. 
1 


d. Ifa #0,b #0, anda > b, then = > +. 


Use the roster method to list the set of positive integers that are solutions of the 
inequality. 


29. 


1 72) 45D 30. =—6(2= "ai 4g 9 


Use the roster method to list the set of integers that are common to the solu- 
tion sets of the two inequalities. 


31. 


33. 


34. 


i) ee B20 3 2) Ocoee 
34 — 42 +x A(x + 5) > 3(x + 6) 


Determine the solution set of 2 — 3(x + 4) <5 — 3x. 


Determine the solution set of 3x + 2(x — 1) > 5(x + 1). 
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lalities play an 
it role in applied 
natics. They are used in 
a branch of mathematics called 
linear programming, which was 
developed during World War II 
to solve problems in supplying 
the Air Force with the machine 
parts necessary to keep planes 
flying. Today, its applications 
extend to many other 
disciplines. 
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Graphing Linear Inequalities 


To graph an inequality in two variables 








The graph of the linear equation y = x — 2 separates a plane into three sets: 


The set of points on the line 


The set of points above the line 
The set of points below the line 


Mne=point 3, 11 )is (asso- 
lution of y = x — 2. 


ihe pomeiG .3)sisrasso. “y= 2 

lution of y"> = 2: 313-2 
Eee 

Them point(s, 1). is 7a Va ae 

solution of y < x — 2. ST eee 
al be | 





Any point above the line is a solu- 
OniGl y= 2 


Any point below the line is a solu- 
tion Of yee. 


The solution set of y =x — 2 is all points on the line. The solution set of 
y >x — 2 is all points above the line. The solution set of y < x — 2 is all points 
below the line. The solution set of an inequality in two variables is a half-plane. 


The following illustrates the procedure for graphing a linear inequality. 


=> Graph the solution set of 2x + 3y = 6. 


Solve the inequality for y. 


2x + Sy "6 
2 IN 3 = = 2k 6 
3y = -2x +6 © Simplify. 
—2x + 6 
~ s a ° Divide each side by 3. 


2 ee 
ys i vs ee © Simplify. 


Change the inequality to an equality and 
graph y = =x + 2. If the inequality is = 


or <, the line is in the solution set and is 
shown by a solid line. If the inequality is > 
or <, the line is not a part of the solution set 
and is shown by a dotted line. 


If the inequality is > or 2, shade the upper 
half-plane. If the inequality is < or Ss, shade 
the lower half-plane. 


e Subtract 2x from each side. 
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\ 
Pane 1 Hi Try It 1 
Graph the solution set of 3x + y > —2. Graph the solution set of x — 3y < 2. 
Solution Your solution 
Oey eh 
30 NE ye Bee 
Wy Eat Be) 


Graph y = —3x — 2 as a dotted line. 
Shade the upper half-plane. 





Ape 7 Li: Try It 2 

Graph the solution set of 2x — y = 2. Graph the solution set of 2x — 4y = 8. 
Solution Your solution 

26 Sy 22 
2 Omg aire 2 

Sie 2x Be 
Fi) = = 12 + 2} 
Vsti 2 


Graph y = 2x — 2 asa solid line. Shade 
the lower half-plane. 


yy 





co. 3 ke Try It 3 
Graph the solution set of y > —1. Graph the solution set of x < 3. 
Solution Your solution 


Graph y = —1 as a dotted line. 
Shade the upper half-plane. 





Solutions on p. S23 
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9.4 Exercises 






Objecti ve A 





Graph the solution set. 


i we ry 4 Bs 2k a0) —.-9 














8 y>3 9. 3% — 2y = 8 


y y 





10. 5x+4y>4 11. -3x-4y=4 12. —5x —2y=8 


y ; y, - y 
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135,60 5y = —10 14. 2-29 4 15... =4erhyese 12 





16. —4x + 5y <15 (7. =24 + 3y S6 18. 3x—4y>12 





APPLYING THE CONCEPTS 


Graph the solution set. 


19. ee 20, 24 sy PD Se 42) Bet 4 2 eo eee 


y _ - y 






Write the inequality given its graph. 


Ze 
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oF Focus on Problem Solving 


Graphing Data Graphs are very useful in displaying data. By studying a graph, we can reach 


86 


88 


90, 


Sy 





94 


various conclusions about the data. 


The double-line graph at the left shows the 
*’ number of Democrats and the number of 
Republicans in the U.S. Senate for the 86th Con- 
gress (1959-1961) through the 107th Congress 
(2001-2003). 





1. How many Democratic and how many Repub- 


Se ae lican senators were in the 90th Congress? 
96 98 100 102 104 106 


Congress 2. In which Congress was the difference between 
the numbers of Democrats and Republicans 
the greatest? 


3. In which Congress did the majority first change from Democratic to 
Republican? 


4. Between which two Congresses did the number of Republican senators 
increase but the number of Democratic senators remain the same? 


5. In what percent of the Congresses did the number of Democrats exceed the 
number of Republicans? 


6. In which Congresses were there a greater number of Republican senators 
than Democratic senators? 





a The table at the right, based on data from 
“" Dataquest, shows the number (in millions) 
of Internet subscribers who used cable modems 
and the number (in millions) who used digital 
subscriber line (DSL) modems for the years 1998 
through 2002. 





Source: Dataquest as reported 
at internet.about.com on 
March 15, 2001 


7. Make a double-line graph of the data. 


8. In which year did the number of DSL subscribers first exceed the number 
of cable modem subscribers? 


9. For the year 2003, would you expect the number of cable modem sub- 
scribers to increase more or less than the number of DSL subscribers? 
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a Projects and Group Activities 


Mean and Standard An automotive engineer tests the miles-per-gallon ratings of 15 cars and records 
Deviation _ the results as follows: 


25° 22921) 27 25 35 29°31 2S 2622) Bor saa 


The mean of the data is the sum of the measurements divided by the number of 
measurements. The symbol for the mean is X. 


— sum of all data values 
Mean = x = —____-—— 
number of data values 


To find the mean for the data above, add the numbers and then divide by 15. 


PS ap PP ae P| ae PAP ees) ae bia) ap Pare i ae As) ae PAO ap IL ar SS) ae Shae BY spe Wee) 





15 


The mean number of miles per gallon for the 15 cars tested was 28 mi/gal. 


The mean is one of the most frequently computed averages. It is the one that is 
commonly used to calculate a student’s performance in a class. 


The scores for a history student on five tests were 78, 82, 91, 87, and 93. What 
was the mean score for this student? 


Thor eVS ap BAL ap (Sif ae O)8 











To find the mean, add the numbers. Then divide x= : 
by 5. 
= 431 _ 36.2 
5 
The mean score for the history student was 86.2. 
Consider two students, each of whom has taken five exams. 
Scores for student A Scores for student B 
84] 86] 83 |85]87| 90 | 75] 94 | 68 | 98] 
pp Sad BOTH SA ASI] 425s q = 20475 + 94+ 68498 _ 425 _ gn 
5) 5 5 5 
The mean for student A is 85. The mean for student B is 85. 


For each of these students, the mean (average) for the five exams is 85. However, 
student A has a more consistent record of scores than student B. One way to 
measure the consistency, or “clustering” near the mean, of data is to use the 
standard deviation. 


To calculate the standard deviation: 


Step 1. 


Step 2. 
Step 3. 


Sum the squares of the differences between each value of the data and 
the mean. 


Divide the result in Step 1 by the number of items in the set of data. 
Take the square root of the result in Step 2. 
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The calculation for student A is shown Step 1: x x— x (x — x)? 

at the right. 84 | 84— 85 | (-1 =1 
86 86— 85 (eee 
83 83 = 85 (—2)? = 
85 85)— SD 0 = 
87 37-85 2 = 4 

Total = 10 
$010 
The symbol for standard deviation is St®P 2) = = 2 


the lower-case Greek letter sigma, o. Step 3: o = V2 ~ 1.414 


The standard deviation for student A’s scores is approximately 1.414. 


Following a similar procedure for student B shows that the standard deviation 
for student B's scores is approximately 11.524. Because the standard deviation of 
student B’s scores is greater than that of student As (11.524 > 1.414), stu- 
dent B’s scores are not as consistent as those of student A. 


1. 


The weights in ounces of 6 newborn infants were recorded by a hospital. The 
weights were 96, 105, 84, 90, 102, and 99. Find the standard deviation of the 
weights. 


. The numbers of rooms occupied in a hotel on 6 consecutive days were 234, 


321, 222, 246, 312, and 396. Find the standard deviation for the number of 
rooms occupied. 


. Seven coins were tossed 100 times. The numbers of heads recorded for each 


coin were 56, 63, 49, 50, 48, 53, and 52. Find the standard deviation of the 
number of heads. 


. The temperatures, in degrees Fahrenheit, for 11 consecutive days at a desert 


resort were 95°, 98°, 98°, 104°, 97°, 100°, 96°, 97°, 108°, 93°, and 104°. For the 
same days, temperatures in Antarctica were 27°, 28°, 28°, 30°, 28°, 27°, 30°, 
25°, 24°, 26°, and 21°. Which location has the greater standard deviation of 
temperatures? 


. The scores for 5 college basketball games were 56, 68, 60, 72, and 64. The 


scores for 5 professional basketball games were 106, 118, 110, 122, and 114. 
Which scores have the greater standard deviation? 


. The weights in pounds of the 5-man front line of a college football team are 


210, 245, 220, 230, and 225. Find the standard deviation of the weights. 


. One student received test scores of 85, 92, 86, and 89. A second student 


received scores of 90, 97, 91, and 94 (exactly 5 points more on each test). Are 
the means of the two students the same? If not, what is the relationship 
between the means of the two students? Are the standard deviations of the 
scores of the two students the same? If not, what is the relationship between 
the standard deviations of the scores of the two students? 


. Grade-point average (GPA) is a weighted mean. It is called a weighted mean 


because a grade in a 5-unit course has more influence on your GPA than a 
grade in a 2-unit course. GPA is calculated by multiplying the numerical 
equivalent of each grade by the number of units, adding those products, and 
then dividing by the total number of units. Calculate your GPA for the last 
quarter or semester. 
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Chapter 9/ Inequalities 


9. If you average 40 mph for 1 h and then 50 mph for 1 h, is your average speed 
“= = 45 mph? Why or why not? 

10. A company is negotiating with its employees the terms of a raise in salary. 
One proposal would add $500 a year to each employee's salary. The second 
proposal would give each employee a 4% raise. Explain how each of these 
proposals would atfect the current mean and standard deviation of salaries 
for the company. 


' Chapter Summary } Summary 


Key Words 


Essential Rules 


A set is a collection of objects. The objects of a set are called the elements of ° 


the set. [p. 411] 


The roster method of writing a set encloses a list of the elements in braces. ! 


[p. 411] 


The empty set, or null set, written © or { }, is the set that contains no elements. ° 


[p. 411] 


The union of two sets, written A U B, is the set that contains all the elements of 
A and all the elements of B (any elements that are in both sets A and B are listed 
only once). [p. 411] 


The intersection of two sets, written A M B, is the set that contains the elements 
that are common to both A and B. [p. 411] 


An inequality is an expression that contains the symbol <, >, S, or =. [p. 413] 


The solution set of an inequality is a set of numbers each element of which, when : 
substituted for the variable, results in a true inequality. The solution set of an ‘ 


inequality can be graphed on the number line. |p. 417] 


The solution set of an inequality in two variables is a half-plane. {p. 429] 


Addition Property of Inequalities 


The same term can be added to each side of an inequality without changing the ‘ 


solution set of the inequality. 


Ifa>b,thena+c>b+t+c. 
Ifa <b, thena+c<b+t+e. 


The Addition Property of Inequalities also holds true for an inequality contain- 
ing the symbol = or <. [p. 417] 


Multiplication Property of Inequalities 


Each side of an inequality can be multiplied by the same positive number with- : 


out changing the solution set of the inequality. 


Ifa > bandc > 0, thenac > be. 
Ifa <bandc > 0, thenac < be. 


If each side of an inequality is multiplied by the same negative number and the 
inequality symbol is reversed, then the solution set of the inequality is 
not changed. 


Ifa > bandc < 0, then ac < be. 
If a < bandc < 0, then ac > be. 


The Multiplication Property of Inequalities also holds true for an inequality : 


containing the symbol = or S. [p. 419] 
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11. 


13. 


= Chapter Review 


Solve: 2x —-3 >x+ 15 


Use set-builder notation to write the set of 
odd integers greater than —8. 


Use the roster method to write the set of odd 
positive integers less than 8. 


Graph: {x|x > 3} 


SSS St 
5 432-1012 3 4 5 


Graph 3x4 2977.12 





Use set-builder notation to write the set of 
real numbers greater than 3. 


Find AM B, given A = {1,5, 9, 13} and 
Be Ale 35.7 Oy: 


10. 


14. 


Chapter Review 437 


Find AMB, given A = {0,2,4,6,8} and 
Peay 


Find A U B, given A = {6, 8, 10} and 


B = {2, 4, 6}. 


Solve: 12 — 4(x — 1) = 5(x — 4) 


Solve: 3x + 4=-8 


Graph: 5% + 2y.=.6 








Solve and graph the solution set of 
c= Sel, 


SSSI 
i A a af oO 4 





ppp 
2 3 4 5 


Graph ia <2) Os OF 


tpt ttt 
-5 4-32-1012 3 4 5 


438 


15. 


Mi. 


19. 


ZA. 


22. 


ZS. 


24. 


25. 


Chapter 9 / Inequalities 





Graph: {xia > =1)i0 tala = 2} 16. Solve: —15x = 45 
SSS SS See 
Bei =H a3 22st) 0) fd)? giao 
Solve: 6x — 9 < 4x + 3(x + 3) 18. Solve: 5 — 4(x + 9) > 11(12x — 9) 
Solve: 2x 2 ; 20. Graph: 2x37 = 9 
y 
4] 
2 
OY 
Solve: 7x — 2(x + 3) =x + 10 aCe ; ai 
-4 
Florist A charges a $3 delivery fee plus $21 per bouquet delivered. Florist B 


charges a $15 delivery fee plus $18 per bouquet delivered. A church wants 
to supply each resident of a small nursing home with a bouquet for Grand- 
parents Day. Find the number of residents of the nursing home if using 
florist B is more economical than using florist A. 


The width of a rectangular garden is 12 ft. The length of the garden is 
(3x + 5) ft. Express as an integer the minimum length of the garden when 
the area is greater than 276 ft?. (The area of a rectangle is equal to its length 
times its width.) 


Six less than a number is greater than twenty-five. Find the smallest 
integer that will satisfy the inequality. 


A student's grades on five sociology tests were 68, 82, 90, 73, and 95. What 
is the lowest score the student can receive on the next test and still be able 
to attain a minimum of 480 points? 


12st 


(Sx 5) it 
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11. 


a Chapter Test 


Graph: {x|x < 5} 9 {x|x > 0} 


—<—}—++$ $4 +++ 4+ 4 HHH 
- 4 -3 2-1 012 3 4 5 





Use the roster method to write the set of the 
even positive integers between 3 and 9. 


1 5) 
Solve: x + =>= 
= D, 8 


Solve: 5 — 3x > 8 


Graph the solution set of 3x + y > 4. 





Find ANB, given A= {6,8,10,12} and 
B = {12, 14, 16}. 


13. Solve: =x = 5 


Chapter Test 439 


Use set-builder notation to write the set of 
the positive integers less than 50. 


Solve: 3(2x — 5) = 8x — 9 


Graph: {x |x > —2} 


LAS LL 
= 4-32-11 0 12 3 4 5 





Use set-builder notation to write the set of 
the real numbers greater than —23. 


Graph the solution set of 4x — 5y = 15. 





12. Solve and graph the solution set of 





4+x< 1. 
SS SS a Saari 
eee eo Wy mE ee ey 


14. Solve: 6x — 3(2.— 3x) < 4(2x — 7) 
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15: 


Wir 


18. 


19. 


20. 


Chapter 9 / Inequalities 


Solve and graph the solution set of ox = 16. Solve: 2x — 7 = 6x +9 


-5 4-32-1012 3 4 5 


To ride a certain roller coaster at an amusement park, a person must be 
at least 48 in. tall. How many inches must a child who is 43 in. tall grow 
to be eligible to ride the roller coaster? 


A rectangle is 15 ft long and (2x — 4) ft wide. Express as an integer the 
maximum width of the rectangle if the area is less than 180 ft?. (The 
area of a rectangle is equal to its length times its width.) 


A ball bearing for a rotary engine must have a circumference between 
0.1220 in. and 0.1240 in. What are the allowable diameters for the bear- 
ing to the nearest ten-thousandth of an inch? Recall that C = zd. 


A stockbroker receives a monthly salary that is the greater of $2500 or 
$1000 plus 2% of the total value of all stock transactions the broker 
processes during the month. What dollar amounts of transactions did the 
broker process in a month for which the broker's salary was $2500? 


Loa 





(2x — 4) ft 
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11. 


13. 


15. 


@ Cumulative Review 


Simplify: 2[5a — 3(2 — 5a) — 8] 


Severe. — o[<— 2(x = 3)] = 2 


27a*b? 


Simplify 3 (Cee 


Given f(x) = x? — 4x — 5, find f(-1). 


x? — 2x x? — 5x? + 6x 
-mplify: 2 ae HO 
SEEDUEY 5, Qik GALL CDAD 


Dy. ey 
lve: — - —-==- 
Solve Z 9 3 


nln 


Find the slope of the line that passes through 
the points (2, —3) and (—1, 4). 


Solve by substitution. 
x=3y+1 
2x + 5y = 13 


10. 


a2. 


14. 


16. 


441 


Cumulative Review 


5 
Solve: a 4x =— 


Simplify: (—3a) (—2a*b’)* 


Simplify: (16x? — 12x — 2) + (4x — 1) 


Factor: 27a’x? — 3a? 








4a 2a 
Simplify: — 
implity: syiseaa ae aes 
Sue oe ac 





Find the equation of the line that passes 


through the point (1, —3) and has slope ->. 


Solve by the addition method. 
Ox 2Qy =e 47: 
ak ay 7 
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17. 


19. 


Zi. 


PHY, 


24. 


25. 


26. 


Zi. 


Chapter 9 / Inequalities 


Find A U B, given A = {0, 1, 2} and 18. Use set-builder notation to write the set of 

B= bOe 2 the real numbers less than 48. 

Graph: {x|x > 1} U {x|x < —1} 20. Graph the solution set of ax = ->. 

ape pe tt ttt 
edhe Oh dates) des Se ee a ee ee a 

Solve: —3x > 12 22. Solve: 15 — 3(5x — 7) < 2(7 — 2x) 


Three-fifths of a number is less than negative fifteen. What integers satisfy 
this inequality? Write the answer in set-builder notation. 


Company A rents cars for $6 a day and $.25 for every mile driven. Company 
B rents cars for $15 a day and $.10 per mile. You want to rent a car for 
6 days. What is the maximum number of miles you can drive a Company A 
car if it is to cost you less than a Company B car? 


In a lake, 100 fish are caught, tagged, and then released. Later, 150 fish are 
caught. Three of these 150 fish are found to have tags. Estimate the num- 
ber of fish in the lake. 


The first angle of a triangle is 30° more than the second angle. The third 
angle is 10° more than twice the second angle. Find the measure of each 
angle. 


Graph: y = 2x — 1 28. Graph the solution set of 6x — 3y = 6. 
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Objectives 





Chapter 


Section 10.1 


A To simplify numerical radical expressions 
B_ To simplify variable radical expressions — 


Section 10.2 
A To add and subtract radical expressions 
Section 10.3 


A To multiply radical expressions 
B_ To divide radical expressions 


Section 10.4 


A To solve an equation containing a radical 


expression Pa 
B_ To solve application problem 


wi~ Need help? For online student resources, such as section 


quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 


These floating icebergs stand out dramatically against the 
horizon. A submarine periscope would magnify and bring an 
object like this one clearly into focus. The periscope could 
also be used to determine the distance from the submarine 
to the iceberg. A simple formula involving a radical 
expression is used to calculate this distance, given the 
height of the periscope above the surface of the water. The 
Project on page 469 shows how to use a radical equation to 
calculate the distance. 


‘peAlesal sjsu [fy Auedurog uy uoiysnoy © 14sLIAdog 















e SS 

F R 

e va) > 

e | R os 

x i N se 

x 

7 s S 

x 7 Ta) & =~ 

: I eS a See ees = & 

. > a6 eo 8 Go 

: f N aie | ne So aneu = eS 

; os | & N | od BOS Gee. 

: a 2 : = ee op ie ese ae 

; E 5 E & a Seg ees zs 

e rs psiex| ons ie S c i z 

: e 0 a, x=" 3. Rens cs 2 8 

° a = 

: 2 S & E z oe 3 

A Y Nn op. : Baer jee 

5) op) gua ae - Be : 

: ak ° 

: = + Ne) 06 S SESE" 8 fo 2 

: = pmo *ee 2 5 

a ae a 8 

° S S 

geese ee 

° D = a 

ee agegsites 

& fe) 
S tees — Sie ieee, 

: rt (5S Ou or as 

: swe 0054 Soy oe 

° eee Se ee 

: oa o oO o & H 
oO Gneo 28 
Ole Ol ei) hme 
aS ome eo 4 = § 
2Aoe at = OS 
oe = So OW (40) = 
= 8 2 eco co es 
AZ RHO H FO 









igure 


lien. 3) 
‘| GoF 








oo 
omy ter eee 





+ eee oe se 


+ eee gs + ae pee 
> | tae 


Copyright © Houghton Mittin Company. All rights reserved. 





Objective A : 


Point of Interest 
1e | | symbol was first 
used ir 525 but was written as 
/. Some historians suggest 
that the radical symbol also 
developed into the symbols for 
“less than” and “greater than.” 
Because typesetters of that 
time did not want to make 
additional symbols, the radical 
was rotated to the position > 
and used as a “greater than” 
symbol and rotated to ~ and 
used for the “less than” 
symbol. Other evidence, 
however, suggests that the 
“less than” and “greater than” 
symbols were developed 
independently of the 

radical symbol. 






TAKE NOTE 
Recall that a factor of a 

_ number divides the 

_ number evenly. For 
instance, 6 is a factor of 
18. The perfect square 9 
is also a factor of 18. It 

_ is a perfect-square factor 

_ of 18, whereas 6 is not 

_ a perfect-square factor 
of 18. 


Section 10.1 / Introduction to Radical Expressions 445 


Introduction to Radical 
Expressions 


To simplify numerical radical expressions 





A square root of a positive number x is a number whose square is x. 


A square root of 16 is 4 because 4? = 16. 
A square root of 16 is —4 because (—4)? = 16. 


Every positive number has two square roots, one a positive and one a negative 
number. The symbol V , called a radical sign, is used to indicate the positive or 


principal square root of a number. For example, V16 = 4 and V25 = 5. The 
number under the radical sign is called the radicand. 

When the negative square root of a number is to be found, a negative sign is 
placed in front of the radical. For example, -V16 = —4 and —V25 = —5. 


The square of an integer is a perfect 7? = 49 
square. For instance, 49, 81, and 144 are 9? = 81 


perfect squares. (27 = 44 
The principal square root of a perfect- V/49 =7 
square integer is a positive integer. V81=9 

V 144 = 12 


If a number is not a perfect square, its square root can only be approximated. For 
example, 2 and 7 are not perfect squares. The square roots of these numbers are 
irrational numbers. Their decimal approximations never terminate or repeat. 


AY Di PAV42 135...) V7 = 2.6457513... 


Radical expressions that contain radicands that are not perfect squares are fre- 
quently written in simplest form. A radical expression is in simplest form when 
the radicand contains no factor greater than 1 that is a perfect square. For 
instance, V'50 is not in simplest form because 25 is a perfect-square factor of 50. 
The radical expression V/15 is in simplest form because there are no perfect- 
square factors of 15 that are greater than 1. 


The Product Property of Square Roots and a knowledge of perfect squares is 
used to simplify radicands that are not perfect squares. 









The Product Property of Square Roots 
lf aand b are positive real numbers, then V ab = N/a Wb. 


The chart below shows the square roots of some perfect squares. 


= Simplify: V 72 


V72 = V36:2 e Write the radicand as the product of a perfect square 
and a factor that does not contain a perfect square. 
= 36 \/2 @ Use the Product Property of Square Roots 
to write the expression as a product. 
SVD © Simplify. 
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Se 1 


Solution 


Tare 2 


Solution 


Note that 72 must be written as the prod- V72=vV9°-8 

uct of a perfect square and a factor that =V9-V8 
does not contain a perfect square. There- = 3V8 

fore, it would not be correct to simplify a 

V72 as V9- 8. Although 9 is a perfect- Not in simplest form 


square factor of 72, 8 contains a perfect- 
square factor (8 = 4 : 2). Therefore, V/8 is 
not in simplest form. Remember to find 
the largest perfect-square factor of the 
radicand. 


=> Simplify: V147 


V 147 = V49 - 3 e Write the radicand as the product of a perfect square 
and a factor that does not contain a perfect square. 
= V49V3 ¢ Use the Product Property of Square Roots 
to write the expression as a product. 
=I Ss © Simplify. 


=» Simplify: V 360 


V 360 = V36-: 10 © Write the radicand as the product of a perfect square 
and a factor that does not contain a perfect square. 
= V36V 10 © Use the Product Property of Sqaure Roots 
to write the expression as a product. 
= 6V 10 © Simplify. 


From the last example, note that V 360 = 6V 10. The two expressions are differ- 
ent representations of the same number. Using a calculator, we find that 
V 360 ~ 18.973666 and 6V10 = 6(3.1622777) = 18.9736662. 


=» Simplify: V—16 


Because the square of any real number is positive, there is no real number 
whose square is —16. V —16 is not a real number. 


Simplify: 3V/90 Rae Try!t1 Simplify: —-5\V32 
3V 90 = 3V9:- 10 Your solution 
= 3V9V10 
es By SIWHAO 
= 9N/ 10 
Simplify: V252 he Try It 2 Simplify: VoI6 \ Ae 
V2 N/ SO, Your solution 
=V36V7 
Oa a 


Solutions on p. S23 
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Objective B To simplify variable radical expressions & 0” 


Section 10.1 / Introduction to Radical Expressions 447 





Variable expressions that contain radicals do not always represent real numbers. 
For example, if a = —4, then 


Va = VF} = V=64 


and V —64 is not a real number. 





Now consider the expression Vx?. Evaluate this expression for x = —2 and 
x = 2. 

We Ne 

VO 2P = V4 =2=|-2| V2? =V4=2=(|2| 


This suggests the following: 

For any real number a, Va? = |a|. If a = 0, then Va? =a. 
In order to avoid variable expressions that do not represent real numbers, and so 
that absolute-value signs are not needed for certain expressions, the variables in 


this chapter will represent positive numbers unless otherwise stated. 


A variable or a product of variables written in exponential form is a perfect 
square when each exponent is an even number. 


To find the square root of a perfect square, remove the radical sign and multiply 


each exponent by 7 


=» Simplify: Va° 


1 
ao — ae e Remove the radical sign and multiply the exponent by rt 


A variable radical expression is in simplest form when the radicand contains no 
factor greater than 1 that is a perfect square. 


~» Simplify: Vx’ 


A f= Vx Xe e Write x’ as the product of a perfect square and x. 
= VAN e Use the Product Property of Square Roots. 
= Vx ¢ Simplify the perfect square. 


» Simplify: 3xV 8x*y 


3xV 8x3y3 = 3xV 4x7y!?(2xy) e Write the radicand as the product of perfect 
squares and factors that do not contain a 
perfect square. 


= 3x V 4x7 yV/ xy © Use the Product Property of Square Roots. 
=bn 20° 2KY © Simplify. 
= 6x7y°V/ 2xy 
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=» Simplify: V25(x + 2)? 
V25(x + 2)? = 5G 272) 
=5x + 10 


Example 3 


Simplify: Vb" 


Solution 


Vb5 = 





VbF-b = VBR. Vb = b'Vb 


eos eee eee eo ee eee eee eee eee see eeeeeeeeeeeeeeeeeeeeeeoee 


Example 4 


Simplify: V 24x° 


Solution 


V 24x° = V 4x4(6x) 
= V4x1V 6x 
= Da NOx. 


Example 5 
Simplify: 2aV 18a*b!° 


Solution 


2aV 18a3b = 2aV 9a2b'°(2a) 
= 2aV9a2bV 2a 
= 2a - 3ab°V/2a 
= 67b°V 2a 


Example 6 


Simplify: V16(x + 5)? 


Solution 


V 16(x + 5)? = 4(x + 5) = 4x + 20 


/Example 7 


Simplify: Vx? + 10x + 25 


Solution 


Nie ELON 25 — V(x oy =x 5 


es Try It 3 


Simplify: Vy!’ 


Your solution 


ee Try It 4 


Simplify: V45b’ 


Your solution 


You Try It 5 


Simplify: 3aV 28a°b'8 


Your solution 


he Try It 6 


Simplify: V 25(a@ + 3)? 


Your solution 


hi, Try It 7 


Simplify: Vx? + 14x + 49 


Your solution 


Solutions on p. S23 
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10.1 Exercises 






Objective A 


© 1. Describe in your own words how to simplify a radical expression. 


Q. Explain why 2V2 is in simplest form and V8 is not in simplest form. 
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Simplify. 
Bae V LO 4. V64 5. V49 6. V144 lgaw32 8. V50 
9. V8 LO; Vi2 1o16wis 120 =38V48 13. 5V40 14. 2V28 
15.0 V15 16. V21 17. V29 18. V13 19 ON a2 20. 11V 80 
21. V45 22,5 \225 23. V0 24. V210 25. 0NAZ8 26. 9V 288 
bal 
== Find the decimal approximation rounded to the nearest thousandth. 
27. V240 28. V300 29. V288 30. V600 31. V256 32. V324 
Objective B 
Simplify. 
33. Vxe 34. Vx 35. Vyi5 36. Vy! 
Sa. VC 38. Va'® 39. Wxty* 40. weve 
41. V4x4 42. V25y8 43. V24x? 44, Vx 
45. V60x° 46. V72y’ 47. V49a‘*b® 48. V144x7y8 
49. V 18x’ 50. V32a°b' 51. V 40x! ly? 52. V 12k yy 
53. V80a°%b'° 54. V96a°b’ 55.0 2V 16a7be 56. 5V25a‘b’ 
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57: 


61. 


65. 


69. 


Chapter 10 / Radical Expressions 


xVx4y? 58. yVx3y6 59. 4\/20a‘%b’ 
3xV 12x2y7 62. 4yV18x5y4 63. 2x°V/8x2y3 
V25(a + 4? 66. V81(x + y)4 67. VA4(x + 2) 
Vx? + 4x + 4 70. Vb? + 8b + 16 71. Vy? + 2y +1 


APPLYING THE CONCEPTS 


aS: 


74. 


7S, 


76. 


77. 


78. 


79. 


Traffic accident investigators can estimate the speed S, in miles per hour, 
of a car from the length of its skid mark by using the formula S = V 30fl, 
where f is the coefficient of friction (which depends of the type of road 
surface) and / is the length, in feet, of the skid mark. Say the coefficient of 
friction is 1.2 and the length of a skid mark is 60 ft. a. Determine the speed 
of the car as a radical expression in simplest form. b. Write the answer to 
part a as a decimal rounded to the nearest integer. 


The distance a passenger in an airplane can see to the horizon can be 
approximated by d = 1.2Vh, where d is the distance to the horizon in 
miles and h is the height of the plane in feet. To the nearest tenth of a mile, 
what is the distance to the horizon of a passenger who is flying at an alti- 
tude of 5000 ft? 


If a and b are positive real numbers, does Va + b = Va + Vb? If not, give 
an example in which the expressions are not equal. 


. Find the two-digit perfect square that has exactly nine factors. 

. Find two whole numbers such that their difference is 10, the smaller 
number is a perfect square, and the larger number is two less than a 
perfect square. 


oe 2 


You are to grade this solution to the problem “Write V72 in simplest 
form.” Is the solution correct? If not, what error was made? What is the 
correct solution? 


Simplify: a. V\/16 b. VV81 


Given f(x) = V2x — 1, find each of the following. Write your answer in 
simplest form. 


a. f(1) b. f(5) c. f(14) 


60. 5V12a%b4 


64. 3y°V 27x4y3 
68. V9(x + 2)® 
12. NG Cae 
=V4V18 

= 2V 18 
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{ () y) Addition and Subtraction of 





The Distributive Property is used 
to simplify the sum or difference 
of radical expressions with like 
radicands. 


Radical expressions that are in sim- 
plest form and have unlike radi- 
cands cannot be simplified by the 
Distributive Property. 


=> Simplify: 4V8 — 10V2 
4V8 — 10V2 = 4V4-2 - 10V2 
=4V4V/2 — 10V2 
=4-2\/2— 10V2 
= 8V2 - 10V2 
(8 — 10)V2 
= =2\/2 


= Simplify: 8V 18x — 2V 32x 


Radical Expressions 


Objective A To add and subtract radical expressions 





‘es 


5V2-+ 3V2 = (5 + 3)V2 = 8vV2 
6V 2x — 4V/2x = (6 — 4)V 2x = 2V2x 


2V3 + 4V2 cannot be simplified 
by the Distributive 
Property. 


© Use the Product Property of Square Roots. 


© Simplify the expression by using 
the Distributive Property. 


8V/ 18% — 2V 32x = 8V9 - 2x —2V 16> 2x 
= 8V9V 2x — 2V16V 2x e Use the Product Property 


of Square Roots. 


=a BV 2k — 2° AV 25 


= 24V/2x — 8V 2x 
= (24 — 8)V2x 
= 16V 2x 


© Simplify the expression by using 
the Distributive Property. 
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ana 1 his Try It 1 
Simplify: 5V2 — 3V2 + 12V2 Simplify: 9V3 + 3V3 — 18V3 
Solution Your solution 
5V2 — 3V2 + 12V2=(5 — 3 + 12)V2 

ra 

ee Z he Try It 2 
Sunplify?3V12°>5V 27 Simplify: 2V50 — 5V32 
Solution Your solution 


3V 12 — 5/27 = 33V4-3-5V9-3 
= 3V4V3 -5V9 V3 


=3-2V3-5-3V3 
= 6V3 — 15V3 
= -9V3 
‘pees 3 ee Try It 3 
Simplity: SV 12x" = 20 3x Simplify: yV 28y + 7V63y? 
Solution Your solution 


3V12x3 — 2xV3x 
= 3V4x? - 3x — 2xV3x 
= 3V4x2V3x — 2xV3x 
= 3 2eV 30 — 20 3x 
= 6xV 3x — 2xV3x 
= 4x\/3x 





"Example 4 his Try It 4 
Simplify: 2xV 8y = 3°V/ 2479 + 2V 32x79 Simplify: 2V27a° — 4aV 12a? + a*V 75a 
Solution Your solution 


2xV 8y — 3V2x*y + 2V32x2y 
= 2xV4 + 2y — 3Vx2- 2y + 2V16x? « 2y 
= 2nV4V2y — 3V39?V2y + 2V16x?V/2y 
=2x-2V2y —3-xV2y + 2- 4xV2y 
= 4xV2y — 3xV2y + 8xV 2y 
= 9xV2y 


Solutions on p. S24 


Copyright © Houghton Mifflin Company. All rights reserved. 


Section 10.2 / Addition and Subtraction of Radical Expressions 453 


10.2 Exercises 
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Objective A 
1. Which of the numbers 2, 9, 20, 25, 50, 81, and 100 are not perfect squares? 
2. Write down a number that has a perfect-square factor that is greater 
than 1. 
3. Write a sentence or two that you could email to a friend to explain the 
> concept of a perfect-square factor. 
4. Name the perfect-square factors of 540. What number is the largest 
perfect-square factor of 540? 
Simplify. 
5. 2V2+ V2 6. 3V5+8V5 7. -3V7+2V7 
9. -3V11 —8V11 10.. —3V3.= 5V3 1 20 oe 
13. 8Vy — 10Vy 14. —5V2a + 2V2a 15. —2V3b — 9V/3b 
17. 3xV2 —-xvV2 18. 2yV3 - 9yV3. 
20. —5bV 3x — 2bV 3x 2Ay 3K SSN AY 
23. 45 4+ V 125 2a TN SL N/ OS 
26. 4V 128 — 3V32 Rite BOW MS 2 
29. 5V 4x — 3V9x 30. -—3V25y + 8V49y 
32. —2V8y? + 5V32y? LEY, Oooo os ee 
Bore le OV Ix 36. 2aV50a + 7V32a° 
38. 2Qav Sab? — 2bV 24° 39. b?\V/acb + 3a’Vab> 


16. 


19. 


22 


25. 


28. 


Si. 


34. 


37. 


AN/5 = 10/5 


3Vy + 2Vy 


—7V 5a — 5V5a 


DUN SOON OG 


—4V xy + 6Vxy 


2V 24 3V8 


SV Sn TS 


3V 3x2 — 5V 27x? 


4aVb2a — 3bV ab 


4yV/8y3 — 7V 18y° 


pV xy + xV x35 


454 


41. 


44. 


47. 


50. 


53. 


55. 


Bile 


ah 


Chapter 10 / Radical Expressions \ 

AV2 —5V2 + 8V2 42. 3V3 + 8V3 - 16V3 43. 5Vx — 8Vx + 9Vx 
Vx — 7Vx + 6Vx 45. 8V2 — 3Vy — 8V2 46. 8V3 —-5V2 -5V3 
8V8 — 4/32 — 9/50 48. 2V/12 — 4V27 + V75 49. —-2V3 + 5V27 — 4V45 
—2V8 — 3V27 + 3V/50 51. 4V75 + 3V48 — V99 52. 2V75 — 5V20 + 2V45 
V25x — V9x + V16x 54. V4x — V100x — V49x 

3V3x + V27x — 8V75x 56. 5V5x + 2V45x — 3V80x 

2aV75b — aV20b + 4aV45b 58. 2bV75a — 5bV 27a + 2bV20a 

xV 3y?2 — 2yV12x? + xyV3 60. aV27b? + 3bV147a2 — abV3 


APPLYING THE CONCEPTS 


61. 


62. 


@ 63. 
4 


64. 


Given G(x) = Vx + 5 + V5x + 3, write G(3) in simplest form. 


Is the equation Va? + b? = Va + Vb true for all real numbers a and b? 


Explain the steps in simplifying 4V 2a3b + 5\V/8a3b. 


For each equation, write “ok” if the equation is correct. If the equation is 
incorrect, correct the right-hand side. 

a. 3Vab + 5Vab = 8V2ab 

boty 010 xv 1650 

c. 5 — 2Vy = 3Vy 
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ss eetaareropstnonoeoN CNN 


Boone 





Objective A | 





TAKE NOTE 


For x > 0, (Vx)? =x 


because 
(Vx)? = Vx - Vx 
Vx? = x. 
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Multiplication and Division of 
Radical Expressions 


To multiply radical expressions 





The Product Property of Square Roots 
is used to multiply variable radical 
expressions. 


V2«V3y = V2x + 3y = Voxy 


mp Simplify: V 2x?V32x° 


V 2x? V32x5 = V/2x? - 32x5 © Use the Product Property of Square Roots. 
= V 64x? ° Multiply the radicands. 
= V64x5 - x © Simplify. 
= 64x Vx 
=I 80° \/ x 


= Simplify: V2x(x + V/2x) 
V2E GV Oey V 2x (x) eV 2a) De 


® Use the Distributive Property to 


=xV2x + V42 remove parentheses. 
NN Le © Simplify. 


a> Simplify: (V2 — 3x)(V2 + x) 


(V2 — 3x)(V2 + x) = V2-24+xV2 - 3xV2 — 3x? © Use the FOIL method to 
= V4 + (x — 3x)V2 = 3x remove parentheses. 
=2 — 2xV2 — 3x? 


The expressions a+b and a-—b, which are the sum and difference of 
two terms, are called conjugates of each other. You will recall that 
(a+ b)(a — b) =a’ — Dd’. 


=> Simplify: (2 + V7)(2 — V7) 
(2+ V7)2 — V7) = 2? — (V7) © (2 + V7)(2 — V7) is the product of conjugates. 


=4-7 
= -3 


=» Simplify: (3 + Vy)(3 — Vy) 


(3 + Vy)(3 — Vy) = 3? — (Vy) ¢ (3 + Vy)(3 — Vy) is the product of conjugates. 
== (Dizon 
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dase 1 


Simplify: V 3x*V 2x’yV 6xy? 


Solution 
V 3x4V 2x*yV bxy? = V 36x'y? 
= V36EF x 
= V36x%y?2V/xy 
= 6x7 yVxy 
ak 2 


Simplify: V3ab(V3a + V9b) 


Solution 

V3ab(V3a + V9b) 
= V9a°b + V27ab? 
= V9a -b + V9b? - 3a 
= VoaeVb + V9b?V3a 


= 3aVb + 3bV3a 


ee 3 


Simplify: (Va — Vb) (Va + Vb) 


Solution 
(Va — Vb)(Va + Vb) = (Vay — (VbyP 
=a-—b 
[. eee PRA ANAT Dit heunceetece ben ee os s 


Simplify: (2Vx — Vy)(5Vx — 2Vy) 


Solution 


(2Vx — Vy)(5Vx — 2Vy) 
= 10(V a" — AV ay — SVxy + 2(V 9) 
= 10% — 9V xy + 2y 





| Objective B 


To divide radical expressions 


PE ae VOICI OU er CRC ORD Car) ONCOL Ohh) DCNet s I OCCMC ON. ONES 


hi Try It 1 


Simplify: V5aV 15a°b*V 206° 


Your solution 


he Try It 2 


Simplify: V5x(V5x — V/25y) 


Your solution 


hs Try It 3 


Simplify: (2Vx + 7)(2Vx — 7) 


Your solution 


be Try It 4 


Simplify: (3Vx — Vy)(5Vx — 2Vy) 


Your solution 


Solutions on p. S24 





The Quotient Property of Square Roots 


lf aand b are positive real numbers, then 





\i-4 and oo 8 
bo vh vb.\ 5 


The square root of a quotient is equal to the quotient of the square roots. 
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where vis the velocity of an 
object and cis the speed of 
light. 
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2 
=> Simplify: wi 
a 














Ax? ide 4x* ¢ Rewrite the radical expression as the quotient of 
Ze V2 the square roots. 
2X 
oF © Simplify. 
24x37 
=» Simpli 
24x*y' 8y° mn 
228 - 5a © Simplify the radicand. 
us. 8y° ¢ Rewrite the radical expression as the 
Vx4 quotient of the square roots. 
Wisyereey, Sie 
= e 
a implify. 
_ VayV2y 
Wee 
2229 
x? 
Vaeey 
=» Simplify: zu 
VAY 
V4x*y ss 4x*y © Use the Quotient Property of 
V xy xy Square Roots. 
= V4x © Simplify the radicand. 
= VA\/x% © Simplify the radical expression. 
= 2V% 


A radical expression is not considered to be in simplest form if a radical remains 
in the denominator. The procedure used to remove a radical from the denomi- 
nator is called rationalizing the denominator. 


Z 
=> Simplify: —= 
we V3 
a = : ¢ Multiply the expression by 4 which equals 1. 
2V3 


e The radicand in the denominator is a 


< (V/3) perfect square. 
= a © Simplify. 


The radical expression is in simplest form because no radical remains in the 
denominator and the radical in the numerator contains no perfect-square fac- 
tors other than 1. 
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When the denominator contains a radical expression with two terms, simplify 
the radical expression by multiplying the numerator and denominator by the 


conjugate of the denominator. 
V2y 
Vy +3 
Vay gable N93 
Vy +3 Vy +3 Vy -3 





=> Simplify: 
































e Multiply the numerator and denominator by 
Vy — 3, the conjugate of Vy + 3. 


Vaya y ° Simplify. 
Wa = 
oe By ly 
= = 
pe 5 ie Try It 5 
spe Sines 
W3ey V3x7y9 
Solution Your solution 
A /Ax? > = 4x79 ze 4y* " A ‘Ay 8 2y? 
V 3x4*y 3x*y 3x? Bi ee VS 
ee Se yay 8 
4V3 W3 3x 
Example 6 is Try It 6 
V2 Ve 
Simplify: Simpl... 
pity V2+ V6 pity Vee 
Solution Your solution 


The denominator contains a radical expression 
with two terms. Multiply the numerator and 
denominator by the conjugate of the 





denominator. 
Oa ie als 
V24+V6 V24+V6 V2-V6 
Br av 12 23 2 V3) 
2-6 =4 —4 
HS Ce ee ee 
-2 2 | 
pee 7 V5 hie Try It 7 
Simplify: ————— Simplify: ————— 
ae 2 35 pay Ve 2Vy 
Solution Your solution 
3-V5' 345 -2=-3V5 


Pos 2 as Deere 
OSV S ovary), 





4-9-5 
Cell oa 
oar Vee Cs 
Ziad 5 ae SVS 
et ea eae Al 


Solutions on p. S24 
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10.3 Exercises 





Objective A > 


1. Explain in words and then write in symbols the Product Property of 
© Square Roots. 


2. Give an example to show that Va? # a. 





Simplify. 

ae Ca 4. Wil -V11 ay ee VAP 6. V2-V8 
dan WN 8. Vy: Vy 9. Vay» Vx5y 10. Va3b5- Vab5 
11. V3a2b5- V6ab? 12. V5x3y - V10x2y 13. V6a3b? - V/24a5b 
14. V8ab>-V/12a7b 150m V2(y 2-3) 16) 30/12 73) 

17. Vx(Vx — Vy) 18. Vb(Va — Vb) 19. V5(V10 — Vx) 
20. V6(Vy — V'18) 21. .V8(V2 — V5) 22. V100/20 = Va) 
23.. (Vx - 3) 24. QV a= yy 25. V3a(V3a — V3b) 
26. V5x(V10x — Vx) 27 \V/2ac - Sab - V10eb 28. V3xy- Véx3y - V2y? 
29. (V5 + 3)(2V5 — 4) 30. (2 —3V7)(5 + 2V7) 31. (44+ V8)3 + V2) 
a (6 = V 272 = V3) 33. (2Vx + 4)(3Vx — 1) 34. (5+ Vy)(6 -— 3Vy) 


35. (3Vx — 2y)(5Vx — 4y) 36. (5Vx + 2Vy)(3Vx -— Vy) 37. (Vx — Vy (Vx + Vy) 
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@ 33. Why is “ in simplest form but 


Chapter 10 / Radical Expressions 


js 


Els 
V3 


not in simplest form? 


‘39. Why can we multiply — by a without changing the value of a 





40. 


45. 


50. 


54. 


58. 


62. 


66. 


Simplify. 


: 


N 


3 
iS) 
bat 
On 





9 











N26 Ti 


V2 +2V6 
2V2 - 3V6 


Va = 4 
UNG fe 


V5 


APPLYING THE CONCEPTS 


V5 





42. 





3- V6 
2G 


2V3 - V6 
5V3 + 2V6 


v5 
Vi = V3 


52. 


56. 


60. 


68. 


43. 





6 — 2V3 
4+ 3/3 


34+ Vx 
2- Vx 





vee 
Vx -— Vy 


“70. In your own words, describe the process of rationalizing the denominator. 


Git 


72. 


Show that 1+ V6 and 1-6 are solutions of the equation 
oe = 


Answer true or false. If the equation is false, correct it. 


aa (V9) => b. CVA) = 8evVe co. O51 ae ed 


1 
2a 





=2+V3 


44. 


49. 


D3. 


i 


61. 


65. 


69. 


27a 





3 Vez 


az 


Vos 
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Solving Equations Containing 
Radical Expressions 


To solve an equation 
containing a radical expression 





An equation that contains a variable Vx = 4 Ree 


expression in a radicand is a radical NY os De N/ eBay equations 
equation. 


The following property of equality states that if two numbers are equal, 
the squares of the numbers are equal. This property is used to solve radical 
equations. 


Property of Squaring Both Sides of an Equation 


If aand bare real numbers and a = b, then a? = b?. 





The first step when solving a radical equation is to isolate a radical in the 
equation. 


=p Solve: WC ead Oe 0 


Vx-2-7=0 e Rewrite the equation with the radical on one side 
Nee of the equation and the constant on the other side. 
WSO 7 © Square both sides of the equation. 
x—-2=49 ¢ Solve the resulting equation. 
x=51 
Check: Vinee =) 






Vo lik sceeiet | 





ES ie alll) 
Leh NO 


0=0 A true equation 
The solution is 51. 
When both sides of an equation are squared, the resulting equation may have a 


solution that is not a solution of the original equation. Checking a proposed 
solution of a radical equation, as we did in the preceding example, is a neces- 


sary step. 


m Solve: V2x —5+3=0 


V2x —-5+3=0 e Rewrite the equation with the radical on one side 
V2x —-5=-3 of the equation and the constant on the other side. 
(V2x — 5)? = (-3) ¢ Square both sides of the equation. 
Lio e Solve for x. 
2x = 14 
x=7 


462 


/'TAKE NOTE | 
_ Any time each side of an | 
: equation is squared, you © 
' must check the proposed _ 
- solution of the equation. _ 


Poe eee eer ees eereerarseersreeresesesereresesereseseeseeeeeseseeeers oe eeeeoeeeeneeeseeereseseeereeeeeeeereeeeeseeeees ee eee se o 


“Example 1 
Solve: V3x +2=5 


Solution 
V3x+2=5 Check: 
3x = 3 
(V3x) = 32 
3x =9 
x=3 


The solution is 3. 


Wie eee eee see eos eer eee ss ee seers erese ese eee esses reeeoereseeeeeet sees eeeeeeeeeeeeeeeeeeseeeeeeseeeeHeeeeeESeSe eee HOH ESS 


Example 2 
Solve: Vx — Vx —5 = 1 


Solution 


Vx-Vx—-5=1 


Chapter 10 / Radical Expressions 


Here is the check for the equation on the preceding page. 


V 24. Det So = () 


V2°7—=5 +3 / 0 
Vee 0 
Oe eal 0 
0 
0 


Check: 





33 


© You Try It 1 
Solve: V4x +3 =7 


Your solution 





“You Try It 2 
Solve: Vx + Vx +9=9 


Your solution 


Vx=1+Vx—5 
(Vx = (1 + Vx — 5) 
eH IN eS Se 5) 


ti 2 ia DS 
2= Vx 55 


2 = (Ve—5) 


4=x-5 
9=x 


Check: 
Vx —-Vx—5=1 


The solution is 9. 


Solutions on pp. S24—S25 
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Objective B 


Point of Interest 


which was first written around 
600 B.C. (but there are no 
existing copies) and revised 
over a period of 500 years. The 
earliest known copy of this text 
dates from approximately 

100 B.C. 
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To solve application problems 


A right triangle contains one 90° angle. The side yr 
opposite the 90° angle is called the hypotenuse. Leg nig. 
The other two sides are called legs. 

Leg 
Pythagoras, a Greek mathematician who lived 
around 550 B.c., is given credit for the Pythagorean a : 
Theorem. It states that the square of the hypotenuse 
of a right triangle is equal to the sum of the squares b 
of the two legs. Actually, this theorem was known to c=art+ b? 


the Babylonians around 1200 B.c. 


Pythagorean Theorem 


If aand bare the lengths of the legs of a right triangle and c is the length of the 


hypotenuse, then c? = a? + b?. 





Using this theorem, we can find the hypotenuse of a 
right triangle when we know the two legs. Use 
the formula 


Hypotenuse = V (leg)? + (leg) 
c=Vae+b? 5 
= V@r + Uy 
= 25 + 144 
= V169 
= 13 


12 


The leg of a right triangle can be found when one leg 
and the hypotenuse are known. Use the formula 


Leg = V(hypotenuse) = (ee? 
a=VE—P 

= V@5y = 20F 

= V625 — 400 

= V225 

= 15 


20 


Example 3 and You Try It 3 on the following page illustrate the use of the 
Pythagorean Theorem. Example 4 and You Try It 4 illustrate other applications 
of radical equations. 
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\ 
| Example 3 a Try It 3 
A guy wire is attached to a point 20 m above A ladder 8 ft long is resting against a 
the ground on a telephone pole. The wire is building. How high on the building will 
anchored to the ground at a point 8 m from the ladder reach when the bottom of the 
the base of the pole. Find the length of the guy ladder is 3 ft from the building? Round to 
wire. Round to the nearest tenth. the nearest hundredth. 
Strategy Your strategy 
To find the length of the guy wire, use the 
Pythagorean Theorem. One leg is 20 m. The 
other leg is 8 m. The guy wire is the 
hypotenuse. Solve the Pythagorean Theorem 
for the hypotenuse. 
Solution Your solution 
c= Va re 
= (20)* + (8)? 
= V400 + 64 = V 464 = 21.5 
The guy wire has a length of approximately 
ip deeD 5500. 
en 4 1 You Try It 4 
How far would a submarine periscope have to Find the length of a pendulum that makes 
be above the water to locate a ship 4 mi away? one swing in 2.5 s. The equation for the 
The equation for the distance in miles that the pee ee ee ee ere ee 
lookout can see is d = V1.5h, where h is the MALL Ga eee WN bag) ee 
height in feet above the surface of the water. is the time in seconds and L is the length 
Round to the nearest hundredth. in feet. Use 3.14 for 7. Round to the nearest 
hundredth. 
Strategy Your strategy 
To find the height above the water, replace d 
in the equation with the given value and solve 
for h. 
Solution Your solution 
d=V1.5h 
4 15h 
4? = (V1.5h) 
16 = 1.5h 
10.67 ~h 
The periscope must be approximately 10.67 ft 
Phare tie water Solutions on p. S25 
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10.4 Exercises 


Objective A 


Solve and check. 


Lt 


6. 


10. 


18. 


V2x + 1l=7 11. V5x+4=3 12. 0 =2)— V3 4% 


V5x +2=0 1. Vor (= 0 16. V3x-6=~—4 


0=3-V3x-9 19. Vx+2=Vx+1 


Objective B Application Problems 


24° 


IR 


23. 


24. 


The infield of a baseball diamond is a square. The distance between suc- 
cessive bases is 90 ft. The pitcher's mound is on the diagonal between 
home plate and second base at a distance of 60.5 ft from home plate. (See 
the figure at the right.) Is the pitcher’s mound more or less than halfway 
between home plate and second base? 


The infield of a softball diamond is a square. The distance between suc- 
cessive bases is 60 ft. The pitcher’s mound is on the diagonal between 
home plate and second base at a distance of 46 ft from home plate. Is the 
pitcher's mound more or less than halfway between home plate and sec- 
ond base? 


How far would a submarine periscope have to be above the water to 
locate a ship 5 mi away? The equation for the distance in miles that the 
lookout can see is d = V'1.5h, where h is the height in feet above the sur- 
face of the water. Round to the nearest hundredth. 


A 16-foot ladder is leaning against a building. How high on the building 
will the ladder reach when the bottom of the ladder is 5 ft from the build- 
ing? (See the figure at the right.) Round to the nearest tenth. 


Vi 5 2 Ay = 7 Seuinraweel2 4. Va=9 5. V5x—=5 
Van 4+ 5=2 7. V3x+9=4 8. V3x—2=4 9. V5x+6=1 


13. 0=5'=V 104% 
17. Vde+ 3 = 23 


AVR NAS =) SSW) 5) re 
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25. 


26. 


729 be 


28. 
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The measure of a big-screen television is given by the length of a diagonal 
across the screen. A 36-inch television has a width of 28.8 in. Find the 
height of the screen to the nearest tenth of an inch. 


The measure of a television screen is given by the length of a diagonal 
across the screen. A 33-inch big-screen television has a width of 26.4 in. 
Find the height of the screen to the nearest tenth of an inch. 


The speed of a child riding a merry-go-round at a carnival is given by the 
equation v = V12r, where v is the speed in feet per second and r is the dis- 
tance in feet from the center of the merry-go-round to the rider. If a child 
is moving at 15 ft/s, how far is the child from the center of the merry- 
go-round? 


Find the length of a pendulum that makes one swing in 1.5 s. The equa- 


é L : 
tion for the time of one swing of a pendulum is T = 27, oe where T is 


the time in seconds and L is the length in feet. Use 3.14 for 7. Round to 
the nearest hundredth. 


APPLYING THE CONCEPTS 


29. 


30. 





33. 


34. 


In the coordinate plane, a triangle is formed by drawing lines between the 
points (0, 0) and (5, 0), (5, 0) and (5, 12), and (5, 12) and (0, 0). Find the 
perimeter of the triangle. 


The hypotenuse of a right triangle is 5/2 cm, and one leg is 4/2 cm. 
a. Find the perimeter of the triangle. 
b. Find the area of the triangle. 


If a and b are real numbers and a* = b’, does a = b? Explain your answer. 


Can the Pythagorean Theorem be used to find the length of side c of the 
triangle at the right? If so, determine c. If not, explain why the theorem 
cannot be used. 


A circular fountain is being designed for a triangular plaza in a cultural 
center. The fountain is placed so that each side of the triangle touches the 
fountain, as shown in the diagram at the right. Find the area of the foun- 
tain. The formula for the radius of the circle is given by 


Dh See 2) (52 OSE) 
- S 


where s = 5 (a +b +c) anda, b, and c are the lengths of the sides of the 





triangle. Round to the nearest hundredth. 


Complete each statement using <, =, or >. 


a. For an acute triangle with longest side c, a2 + b? ___c’. 
b. For a right triangle with longest side c, a? + b* ___c?. 
c. For an obtuse triangle with longest side c, a2 + b? ___c’. 











31 ft 
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Focus on Problem Solving 467 


e Focus on Problem Solving 


Deductive Reasoning Deductive reasoning uses a rule or statement of fact to reach a conclusion. For 
instance, if two angles of one triangle are equal to two angles of another trian- 
gle, then the two triangles are similar. Thus any time we establish this fact about 


two triangles, we know that the triangles are similar. Below are two examples of 
deductive reasoning. 


soonoapaciontnsas 


asisemransecnese 


AAA OOO 


OOOO 00 


To use the chart to solve 
this problem, write an X 
in a box to indicate that 
a possibility has been 
eliminated. Write a / to 
show that a match has 
been found. When a row 


_ or column has 3 X’s, a / 


is written in the 
remaining open box in 
that row or column of 
the chart. 





TAKE NOTE | 


Given that AAA = $000 and 0006 = OO, then AAAAAA is equivalent to how 


many Os? 


Because 3 As = 4 Os and 4 Os = 2 Os, 3 As = 2 Os. 


6 As is twice 3 As. We need to find twice 2 Os, which is 4 Os. 


Therefore, AAAAAA = OOOO. 


Lomax, Parish, Thorpe, and Wong are neighbors. Each drives a different type of 


vehicle: a compact 


car, a sedan, a sports car, or a station wagon. From the fol- 


lowing statements, determine which type of vehicle each of the neighbors drives. 


Although the vehicle owned by Lomax has more mileage on it than does either 
the sedan or the sports car, it does not have the highest mileage of 
all four cars. (Use X1 in the chart below to eliminate possibilities that 
this statement rules out.) 


Wong and the owner of the sports car live on one side of the street, and Thorpe 
and the owner of the compact car live on the other side of the street. (Use X2 
to eliminate possibilities that this statement rules out.) 


Thorpe owns the vehicle with the most mileage on it. (Use X3 to eliminate 
possibilities that this statement rules out.) 





Lomax drives the compact car, Parish drives the sports car, Thorpe drives the 


station wagon, and 


1. Given that ++ = 





2. Given that DOO 


3. Given that 000 


Wong drives the sedan. 


eoocee and eceeee = AA, then $4444 = how many As? 


Z 


OOo = 0060 and 0000 = fi, then OO0 = how many Is? 


Oo = 000 and OOO = AA, then AAAA = how many 2s? 


ARAAAK 
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5. Anna, Kay, Megan, and Nicole decide to travel together during spring break, 
but they need to find a destination where each of them will be able to partic- 
ipate in her favorite sport (golf, horseback riding, sailing, or tennis). From the 
following statements, determine the favorite sport of each student. 


a. Anna and the student whose favorite sport is sailing both like to swim, 
whereas Nicole and the student whose favorite sport is tennis would prefer 
to scuba dive. 


b. Megan and the student whose favorite sport is sailing are roommates. 
Nicole and the student whose favorite sport is golf each live in a single. 


6. Chang, Nick, Pablo, and Saul each take a different form of transportation 
(bus, car, subway, or taxi) from the office to the airport. From the following 
statements, determine which form of transportation each takes. 


a. Chang spent more on transportation than the fellow who took the bus but 
less than the fellow who took the taxi. 


b. Pablo, who did not travel by bus and who spent the least on transportation, 
arrived at the airport after Nick but before the fellow who took the subway. 


c. Saul spent less on transportation than either Chang or Nick. 


@ Projects and Group Activities 


Measurements as 
Approximations 


From arithmetic, you know the rules for rounding decimals. 


If the digit to the right of the given place value is less than 5, drop that digit and 
all digits to its right. 


6.31 rounded to the nearest tenth is 6.3. 


If the digit to the right of the given place value is greater than or equal to 5, 
increase the digit in the given place value by 1 and drop all digits to its right. 


6.28 rounded to the nearest tenth is 6.3. 


Given the rules for rounding numbers, what range of values can the number 6.3 
represent? The smallest possible value of 6.3 is 6.25; any number smaller than 
that would not have been rounded up to 6.3. What about the largest possible 
value of 6.3? The number 6.34 would be rounded down to 6.3. So would the 
numbers 6.349, 6.3499, 6.34999, and so on. Therefore, we cannot name the 
largest possible value of 6.3. We can say that the number must be less than 6.35. 
Any number less than 6.35 would be rounded down to 6.3. The exact value of 6.3 
is greater than or equal to 6.25 and less than 6.35. 
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Distance to the 
Horizon 


Projects and Group Activities 469 


The dimensions of a rectangle are given as 4.3 cm by 3.2 cm. Using the smallest 
and the largest possible values of the length and of the width, we can represent 
the possible values of the area, A, of the rectangle as follows: 


4.25(3.15) = A < 4.35(3.25) 
13-3875 SA < 14.1375 


The area is greater than or equal to 13.3875 cm? and less than 14.1375 cm?. 


1. The measurements of the three sides of a triangle are given as 8.37 m, 5.42 m, 
and 9.61 m. Find the possible lengths of the perimeter of the triangle. 


2. The length of a side of a square is given as 4.7 cm. Find the possible values 
for the area of the square. 


3. What are the possible values for the area of a rectangle whose dimensions are 
6.5 cm by 7.8 cm? 


4. The length of a box is 40 cm, the width is 25 cm, and the height is 8 cm. What 
are the possible values of the volume of the box? 


The formula d = V1.5h can be used to calculate the approximate distance d (in 
miles) that a person can see who uses a periscope /1 feet above the water. That 
formula is derived by using the Pythagorean Theorem. 


Consider the diagram (not to scale) at 
the right, which shows the Earth as a 
sphere and the periscope as extending h 
feet above its surface. From geometry, 
because AB is tangent to the circle and 
OA is a radius, triangle AOB is a right 
triangle. Therefore, 


(OA)? + (AB)? = (OBY 





Substituting into this formula, we have 


2a ATS 
e Because his in feet, —— is in miles. 


h 2) 
3960? + d? = (3960 a3 aa 


5280 5280 
2 - 3960 (ema 
2 Da 2 a 
3960? + d 3960° + 5980 h (45) 





3 h \ 
Pet 
Baht (5) 
3 bie \* 
an i s (45) 


At this point, an assumption is made that xh + ( é ) = V1.5h, where we 








5280 
have written : as 1.5. Thus d ~ V1.5h is used to approximate the distance 


that can be seen using a periscope / feet above the water. 


470 Chapter 10 / Radical Expressions 


1. Write a paragraph that justifies the assumption that 


3 fos 
iy |e RANA Sh 
2 5280 


(Suggestion: Evaluate each expression for various values of h. Because h is the 
height of a periscope above water, it is unlikely that h > 25 ft.) 


2. The distance d is the distance from the top of the periscope to A. The dis- 
tance along the surface of the water is given by arc AD. This distance can be 
approximated by the equation 


h 3 
ean, bhi 0.306186( ts) 


Using this formula, calculate L when h = 10. 


| ~—s Chapter Summary | Summary 


Key Words A square root of a positive number x is a number whose square is x. [p. 445] 
The principal square root of a number is the positive square root. [p. 445] 


The symbol Vis called a radical sign and is used to indicate the principal < 
square root of a number. The radicand is the number under the radical sign. : 
[p. 445] ; 


The square of an integer is a perfect square. |p. 445] 


If a whole number is not a perfect square, its square root can only be approxi- « 
mated. Such numbers are irrational numbers. Their decimal representations < 
never terminate or repeat. [p. 445] 


Conjugates are binomial expressions that differ only in the sign of a term. (The « 
expressions a + b anda — b are conjugates.) [p. 455] : 


Rationalizing the denominator is the procedure used to remove a radical from the : 
denominator of a fraction. [p. 457] : 


A radical equation is an equation that contains a variable expression in a - 
radicand. [p. 461] : 


Essential Rules = The Product Property of Square Roots 


If a and b are positive real numbers, then Vab = VaVb. [p. 445] : 


The Quotient Property of Square Roots 


e Va Va 
If a and b are positive real numbers, th B exe? d —== 
: ‘i VE ag 
[p. 456] 


25 


Property of Squaring Both Sides of an Equation 
If a and b are real numbers and a = b, then a? = b’. [p. 461] ‘ 
Pythagorean Theorem 


If a and b are legs of a right triangle and c is the hypotenuse, then c? = a? + b?. : 
[p. 463] : 
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@ Chapter Review 


Simplify: V3(V12 — V3) 


Simplify: 2V/36 


2K 
V3 - V5 


Simplify: 


Solve: V5x = 10 


V98x"y? 


Simplify: 
plify ay 


Simplify: 6aV80b — V'180a2b + 5aVb 


Simplify: 2xV 60x3y3 + 3x’yV 15xy 


10. 


12: 


Chapter Review 471 


Simplify: 3V 18a°b 


Simplify: V6a(V/3a + V2a) 


Simplify: —3V 120 


Simplify: 5V48 


Solve: 3 — V7x =5 


Simplify: 4V250 


Simplify: (4Vy — V5)(2Vy + 3V5) 
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15. Simplify: 3V 12x + 5V 48x 16. Solves V2x—"3 4 —0 
17. Simplify: eee 18. Simplify: 4yV243x'7y? 
Vs 
19. Simplify: yV 24y° 20. Solve: V5x + 1 = V20x —- 8 
eee ees) 
21. Simplify: 22. Simplity, —= 
2x?V 18x2y> + 6yV 2x®y? — Ixy?V Bx4y Va 


23. The weight of an object is related to the distance the object is above the sur- 


W, 
face of Earth. An equation for this relationship is d = 4000 a — 4000, 
\ Wa 


where W, is an object’s weight on the surface of Earth and W, is the object's 
weight at a distance of d miles above Earth’s surface. If a space explorer 
weighs 36 lb at a distance of 4000 mi above the surface of Earth, how much 
does the explorer weigh on the surface of Earth? 


24. A tsunami is a great sea wave produced by underwater earthquakes or vol- 
canic eruption. The velocity of a tsunami as it approaches land depends on | 
the depth of the water and can be approximated by the equation v = 3V4d, 
where d is the depth of the water in feet and v is the velocity of the tsunami 
in feet per second. Find the depth of the water if the velocity is 30 ft/s. 


25. A bicycle will overturn if it rounds a corner too sharply or too fast. An equa- 
tion for the maximum velocity at which a cyclist can turn a corner without 
tipping over is v = 4Vr, where v is the velocity of the bicycle in miles per 
hour and r is the radius of the corner in feet. What is the radius of the 
sharpest corner that a cyclist can safely turn while riding at 20 mph? 
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e Chapter Test 


1. Simplify: V121x®y? 


3. Simplify: 5V8 — 3/50 


5. Simplify: 


7. Simplify: V32a°b"! 


2 
9. Simplify: Gen a 


Chapter Test 473 


2. Simplify: V3x?yV 6xy? V 2x 


4. Simplify: V45 


6. Solve: V9x + 3 = 18 


V 98a>b4 


8. Simplify: Pryce 


10. Simplify: V8xvV 10xy4 


474 Chapter 10 / Radical Expressions 


11. Solve: V2x-— 4—=VvV3x—5 


13. Simplify: V72x’y? 


1. -Stinpliny. 20/7 3x) = ly Vv 12% yy — say V xy 


17. Simplify: Va(Va — Vb) 


12. Simplify: 3V8y — 2V72x + 5V 18y 


14. Simplify: (Vy — 3)(Vy + 5) 


V5 


16. Simplify: —> 





18. Simplify: V75 


19. Find the length of a pendulum that makes one swing in 3 s. The equation 


for the time of one swing of a pendulum is T = 277, IS, where T is the time 


in seconds and L is the length in feet. Use 3.14 for 7. Round to the nearest 


hundredth. 


20. The square root of the sum of two consecutive odd integers is equal to 10. 


Find the larger integer. 
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1; 


13. 


15. 


17. 


ae Cumulative Review 


Simplify: 


OC ae 


Solve: 
liv 413% — 2(1 = 3x)| = 23 — 4x) 


12b* — 6b? +2 


Simplify: ep: 


Factor: 2a? — 16a? + 30a 


: A ae a ae cae 6 
See ae 4x — 3) 


Find the equation of the line that contains 


1 
the point (—2, —3) and has slope > 


Solve by the addition method: 
Sey 4y = 7 
3% = 2y = 13 


Simplify: V 108 


Simplify: 2aV 2ab? + b\V8a*b — 5abV ab 


10. 


12. 


14. 


16. 


18. 


475 


Cumulative Review 


Simplify: 
Bln = 2(3 — 2x) 





By ber s3 


Simplify: (—3x’y) (—2x3y*) 


Given fix) =, find f(-3). 


3x7 — 6x? 3x — 9 


Siapliy: 
Be gL OMNES Rn Tee a 





Bx 
nye = 5 








x 
Solve: 
olve aa 


Solve by substitution: 
4x — 3y-= 1 
Lect Wy i=3 


Solve: 3(452)) = 52 


Simplify: 3V32 — 2V128 





Simplify: V2a°bV 98ab?V 2a 


476 


19: 


21. 


23. 


25% 


20. 


29. 


Chapter 10 / Radical Expressions 


Simplify: V3(V6 — Vx?) 


Simplify: —— 


The selling price of a book is $29.40. The 
markup rate used by the bookstore is 20%. 
Find the cost of the book. Use the formula 
S=C +1, where S is the selling price, C is 
the cost, and r is the markup rate. 


The sum of two numbers is twenty-one. The 
product of the two numbers is one hundred 
four. Find the two numbers. 


Solve by graphing: 3x — 2y = 8 
AX oy = 3 





The square root of the sum of two consecu- 
tive integers is equal to 9. Find the smaller 
integer. 


20. 


22. 


24. 


26. 


28. 


30. 


Simplify: i. 


Solve: V 3x — 2-—-4=0 


How many ounces of pure water must be 
added to 40 oz of a 12% salt solution to make 
a salt solution that is 5% salt? 


A small water pipe takes twice as long to fill 
a tank as does a larger water pipe. With both 
pipes open, it takes 16 h to fill the tank. Find 
the time it would take the small pipe working 
alone to fill the tank. 


Graph the solution set of 3x + y S 2. 





A stone is dropped from a building and hits 
the ground 5 s later. How high is the build- 
ing? The equation for the distance an object 


falls in T seconds is T= , iS, where d is the 


distance in feet. 
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Chapter 


Objectives 


Section 11.1 


A To solve a quadratic equation by factoring 


B_ To solve a quadratic equation by taking 
square roots 


- Section 11.2 


A To solve a quadratic equation by completing 
the square 


Section 11.3 


A To solve a quadratic equation by using the 
quadratic formula 


Section 11.4 


A To grapha quadratic equation of the form 
y= ax? + bx+c 


Section 11.5 


A To solve application problems 


xe Need help? For online student resources, such as section 


quizzes, visit this textbook’s website at 
math.college.hmco.com/students. 








Officers investigating the scene of a traffic accident have a 
number of factors to analyze. For example, the skid marks, 
along with the type of street surface and the weather at the 
time of the accident, can give clues as to what happened. A 
quadratic equation with variables representing the speed of 
a car and the length of the skid marks appears in Exercise 67 
on page 484. Note that the length of the skid marks can 
potentially reveal whether or not the driver of the car was 
speeding. 
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2_ 10x +25a perfect square trinomial? 





Solve: 


6. 


“padrasar syysu [fy Auedurog uly uoiysnoy © I4sLIAdoD 





8. Simplify: V28 


Ys Bane) 


Iking at a constant speed of 4.5 mph, Lucy and Sam walked from the 


‘ _ beginning to the end of hiking trail. When they reached the end, they imme- 
diately started back along the same path at a constant speed of 3 mph. If 


the round-trip took 2 h, what is the length of the hiking trail? 


Wa 








eee © ee 
re hs. a 
hat ee 
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Solving Quadratic Equations 
by Factoring or by Taking 
Square Roots 


To solve a quadratic equation by factoring 








Objective A 








‘Gar’ 
An equation of the form 4° —-3x+1=0,a=4,b =-3,c=1 
ax’ + bx +c=0, where a,b, 3x4— 4 = 0,a=3,b =0,c = —4 
and c are real numbers and x? 


1 
a # 0, isa quadratic equation. PY in 2 Oa > b=-2,c=4 


A quadratic equation is also called a second-degree equation. 


A quadratic equation is in standard form when the polynomial is in descending 
order and equal to zero. 


Recall that the Principle of Ifa-b=0, 

Zero Products states that if then a= 001 pb —0: 
the product of two factors is 

zero, then at least one of the 

factors must be zero. 


The Principle of Zero Products can be used in solving quadratic equations. 


=> Solve by factoring: 2x? — x = 1 


2x7 = x = 71 








eile 0 © Write the equation in standard form. 
(2x + 1)(x - 1) =0 Factor. 
Ail 0) jo 1 =O © Use the Principle of Zero Products to set each 
factor equal to zero. 
2p 1 cl © Rewrite each equation in the form 
variable = constant. 
1 
Pes 
Z 
se Check: 2x? _ x = il 
TAKE NOTE ‘ — Se SS 
_ You should always check — 1\2 1 
| your solutions by : 2a) So. 1 
substituting the H Zz 
_ proposed solutions back 1 il 
| into the original : Mes a + 5 1 
| equation. i 
' i 1 i 1 1 
escent tRNA RE ae is 
ee =) 
1=1 1=1 


: 1 
The solutions are a and 1. 


480 Chapter 11 / Quadratic Equations 


\ 
=p Solve by factoring: 3x* — 4x + 8 = (4x + 1)(x — 2) 
3x? — 4x + 8 = (4x + 1)(x — 2) 
3x? — 4x + 8 = 4x? — 7x -—2 ¢ Multiply the factors on the right side of 
the equation. 
0 =x? — 3x — 10 ¢ Write the equation in standard form. 
Oi x 2) e Factor. 
C= 50 x+2=0 e Use the Principle of Zero Products to set 


each factor equal to zero. 
x=5 x=-2 e Rewrite each equation in the form 
variable = constant. 





Check: 
3x? — 4x + 8 = (4x + 1)(x - 2) 3x? — 4x + 8 = (4x + 1)(x — 2) 
3(5)? — 4(5) + 8 | (4[5] + 1)(5 — 2) 3(-2) = 4(—2) + 8 | (4[—2] + 1)(—2 — 2) 
3(25) — 20-8 (20 1)(3) 3(4) + 8+ 8 | (—8 + 1)(—4) 
eee ON rome n(21))|() 12-8 +8 | EDYC4) 
63 = 63 28 = 28 


The solutions are 5 and —2. 


=» Solve by factoring: x? — 10x + 25 =0 
x — 10x + 25 =0 


(«= 5)\@—5)=0 e Factor. 
x—-5=0 x— >= 0 e Use the Principle of Zero Products. 
x=5 x=5 ¢ Solve each equation for x. 


The solution is 5. 


In this last example, 5 is called a double root of the quadratic equation. 


: SD . Bi et eRe ee eee eee 
ke 1 i You Try It 1 
Solve b aiametes i Be cell at Solve by factori $200 [2% 
4 g: 5 m 4 olve by factoring: 5 y oH 
Solution Your solution 
Zz 
il 
Bnet th 
2 4 4 
2 
Z 7 1 : 
4{— — = — —]| =4(0) e Multiply each 
(5 4 4 side by 4. 


2z27-z-1=0 
C2z+i(z-1)=0 


22+1=0 z-1=0 
225 —1 z=1 
= 1 
one: 


1 
The solutions are — 5 and I: 


Solution on p. S25 
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Objective B To solve a quadratic equation by taking square roots 


Section 11.1 / Solving Quadratic Equations by Factoring or by Taking Square Roots 481 





Consider a quadratic equation of the form x? = a. This equation can be solved 
by factoring. 


= 25 
c— 25 = 0 

(@— 5) Go) 5) = 0 
x=5 x=-5 


The solutions are 5 and —5. The solutions are plus or minus the same number, 
which is frequently written by using +; for example, “the solutions are +5.” 
Because +5 can be written as +\/25, an alternative method of solving this equa- 
tion is suggested. 


The Square Root Property of an Equality 


Ifx? = a, thenx=+Va. 





=> Solve by taking square roots: x? = 25 


x? =25 
Vx? = V25 © Take the square root of each side of the 
x= #V25= +5 equation. Then simplify. 


The solutions are 5 and —5. 


=» Solve by taking square roots: 3x* = 36 


3x? = 36 
x? =12 © Solve for x’. 
Ng? =A A2 © Take the square root of each side. 
FN Te EI 3 © Simplify. 


The solutions are 2V3 and —2V3. 


=» Solve by taking square roots: 49y* — 25 = 0 


49y* — 25 =0 
49y? = 25 © Solve for y’. 

25. 
Ae earls 
2 a9 

Aye o = ¢ Take the square root of each side. 

5 Res 
pee ls © Simplify. 

See 


5 


; 5 : 
The solutions are 7 and a 
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An equation that contains the square of a binomial can be solved by taking 


square roots. 


“> Solve by taking square roots: 2(x — 1)? — 36 =0 


20 = 1) =36 0 


2(x — 1)? = 36 
(x= 1) =-18 
V(x — 17 = V18 
f= 21/18 
x= 1 = +43V2 
KP = 3h/2 i= 
x=1+3V2 


e Solve for (x — 1)’. 


¢ Take the square root of each 


side of the equation. 
© Simplify. 
1=-3V2 © Solve for x. 
x=1-3V2 


The solutions are 1 + 32 and 1 — 3V2. 


: Example 2 
Solve by taking square roots: 
x +16=0 
Solution 
x7+16=0 
x =—16 
Vit = V=16 


\’—16 is not a real number. 


The equation has no real number 


solution. 
“Example 3 

Solve by taking square roots: 

5(y — 4)? = 25 

Solution 

5(y — 4)? = 25 

A= 5 
Viy — 42 = V5 
Vay eA 
A ENS 


The solutions are 4 + V5 and 4 — V5. 


ya eC 


i You Try It 2 
Solve by taking square roots: 
x? + 81=0 


Your solution 


ope eee ee ee eee eee e sees eer seers eseoeerseeeeeeeeeeeeeesesere 


You Try It 3 
Solve by taking square roots: 
ViCews ea 


Your solution 


Solutions on p. S25 
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11.1 Exercises 





Objective A 
Solve for x. 
PG 3) >) = 0 2, xx. — 7) = 0 
Saumi2x +34 — 1) = 0 4. @ —A(2x — 7) =0 


Solve by factoring. 


Bek + 2e = 15 = 0 6. ?+ 3t-10=0 1. 2 4743 =0 8. s?-5s+4=0 
9. p’+3p+2=0 10. V+ 6v +5=0 1 6x 9 10) 12. by? = 8) 16 = 0 
132° 12)? + 8y=0 14. 6x? —- 9x =0 1S. 7 = 10 =37 16. f-12=4 
ieee svat + 2 =) 18) 2p? — 3p — 2 =0 19. 337 8s="3 

200 3 oe — 12 21. ao-2=-35 22 cis 

23. 47 =4t+3 240; Syteteldy =al2 25. 4v?-4v+1=0 

26.595 — 6s t= 0 27. x= 9=0 28. 7 —16=0 

29. 4y?-1=0 30, 927 -—-4=0 Bie lo a) 

326. 9 + 18=—p(p = 2) 33. r-r-2=(2r- 1)\(r - 3) 34. s?+5s —4=(2s + 1)(s — 4) 


Objective B 
Solve by taking square roots. 


35. x2 = 36 36. y?= 49 37. vi-1=0 


38. 2 —-64=0 39. 4x*-49=0 40. 9w* —- 644=0 
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41. 9%°=4 42, 427 =25 

44. 25x? -64=0 45, 47 St = 0 

47. w*—24=0 48. v’—48=0 

50. (y + 2)? =49 51. «+5 =8 

53. 9a — 1) = 16 = 0 54. 4(y + 3)? — 81=0 

56. 81(y — 2)? —64=0 57. (x — 47” —20=0 
1 Zz 

59. (x +1)? + 36=0 60. a(: = 1) = 12 

APPLYING THE CONCEPTS 

Solve for x. 

62. (3x? — 13) =4 63. (6x? —5/=1 

64. The value P of an initial investment of A dollars after 2 years is given by 


65. 


66. 


67. 


P = A(i +1r)’, where r is the annual percentage rate earned by the invest- 
ment. If an initial investment of $1500 grew to a value of $1782.15 in 
2 years, what was the annual percentage rate? 


An initial investment of $5000 grew to a value of $5832 in 2 years. Use the 
formula in Exercise 64 to find the annual percentage rate. 


The kinetic energy of a moving body is given by FE = Siw? where E is 
the kinetic energy, 7m is the mass, and v is the velocity in meters per sec- 
ond. What is the velocity of a moving body whose mass is 5 kg and whose 
kinetic energy is 250 newton-meters? 


On a certain type of street surface, the equation d = 0.0074v’ can be used 
to approximate the distance d, in feet, a car traveling v miles per hour will 
slide when its brakes are applied. After applying the brakes, the owner of 
a car involved in an accident skidded 40 ft. Did the traffic officer investi- 
gating the accident issue the car owner a ticket for speeding if the speed 
limit is 65 mph? 


43. 


46. 


49. 


a2. 


55. 


58. 


61. 


\ 
16v? -9=0 
2 +49=0 
(x — 1)? = 36 
4(z — 3)? = 100 


49(v + 1)? - 25=0 


(y +5? —50=0 
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Solving Quadratic Equations by 
Completing the Square 


1 1 ® 2 
Objective A. To solve a quadratic equation 


by completing the square 








Recall that a perfect- Perfect-Square Trinomial Square of a Binomial 


square trinomial is the x? + 6x +9 = (x + 3) 
square of a binomial. x2 — 10x + 25 = (x — 5) 
A cteo kit 16 = (x + 4) 
1 2 
For each perfect-square tri- x? + 6x + 9, (3 6) =9 
nomial, the square of ; of 1 2 
Sackt bay = 
the coefficient of x equals 2 10x + 25, E 1) | = 29 
the constant term. 1 2 
x? + 8x + 16, (3 3) 115 


Adding to a binomial the constant term that makes it a perfect-square trinomial 
is called completing the square. 


=> Complete the square of x? — 8x. Write the resulting perfect-square trinomial 
as the square of a binomial. 


1 2 
[ic8) = 16 e Find the constant term. 
8x a6 ¢ Complete the square of x? — 8x by adding the 
constant term. 
x? — 8x + 16 =(x — 4) e Write the resulting perfect-square trinomial as 


the square of a binomial. 


=» Complete the square of y* + 5y. Write the resulting perfect-square trinomial 
as the square of a binomial. 


—-5) ={=] =— e Find the constant term. 





2 Z 4 
Point of Interest 
RM eticians sowed 25 0 
Ear tageeeaticians solve We ee Se © Complete the square of y? + 5y by adding the 
quadratic equations by literally 4 ee 
completing the square. For constant term. 
these mathematicians, all : 
tions had geometric 25 Bae , ; eee 
Scere ie found that nse S07 ar au = (> as 5 e Write the resulting perfect-square trinomial as the 
a quadratic equation could be square of a binomial. 
solved by making certain 
figures into squares. See the A quadratic equation that cannot be solved by factoring can be solved by com- 
Spc tat ae Oise aie pleting the square. Add to each side of the equation the term that completes the 


G Activities at the end of : ; ; : 
See foranidea ofhow Square. Rewrite the quadratic equation in the form (x + a) = b. Take the square 


this was done. root of each side of the equation and then solve for x. 
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=> Solve by completing the square: x? + 8x — 2 =0 
ko Ok) 


x? + 84 =2 © Add 2 to each side of the equation. 
1 : 1 é ¢ Complete the square of x? + 8x. Add 
v4 e+ (t-8) -2+(5 3) er ys \ 
2 (; : a} to each side of the equation. 
x? + 8x + 16=2 + 16 e Simplify. 
(x + 4)? =18 e Factor the perfect-square trinomial. 
V(x + 4)? = V18 Take the square root of each side of 
the equation. 
Rr A= +V18 = 43/2 © Solve for x. 
x+4=-3V2 x+4=3V2 
x= -4- 3V2 x=-4+43V2 
Check: 
x’? + 8 —-2=0 x? + 8x —-2=0 
(-4 —3V2)? + 8(-4 — 3V2) - 2 | 0 (-4 + 3V/2)? + 8(-4 + 3V2)-2 | 0 
16 + 24/2 + 18 — 32 - 24V2-2]| 0 16 — 24V2 + 18 — 32 + 24V2—-2 | 0 
0=0 :, 0=0 


The solutions are —4 — 3\V/2 and —4 + 3V2. 


If the coefficient of the second-degree term is not 1, a step in completing the 
square is to multiply each side of the equation by the reciprocal of that 
coefficient. 


=> Solve by completing the square: 2x? — 3x + 1=0 
2x? — 3x +1=0 


Di = Sie I ¢ Subtract 1 from each side of the 
equation. 
wes 2. ¢ In order for us to complete the square, 
> (2x — 34) = 0) (“)) the coefficient of x’ must be 1. 


Multiply each side of 





73 1 1 
LS Be = "5 the equation by 7 
ee oe ft 1f_ 3 ; = bp il 1 _3 as Complete the square. Add (3) 
2 Nae aed We | ai et 
to each side of the equation. 
fe pt es bee © Simpli 
De ai a Me ea 
2 anes 
x- ri = — ¢ Factor the perfect-square 
16 trinomial. 
3i\" 1 
x = i © Take the square root of each 
4 6 side of the equation. 
x -i- x7 ° Solve for x. 
san thee cal et pe 9 
4 4 4 4 
x= L = | 
D Pot 


The solutions are ; anid le 
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i 


“URE gs toa G1 Eagar 
, ° 7 fA ASN OO 0010 Re 10 FS 0/4010) (0) ,0| /e)reye) (oie ve (> iv Leese cedekelieleieluke isileie vevel elie ieledexe sete seles, 





§ You Try It 1 
Solve by completing the square: Solve by completing the square: 
20° = 44-1 = 0 3K = 67 = 2 = 0 
Solution Your solution 
2 Ag | = 0 
2? = 4g = 1 
Lippe ee ea a 
5 (2x 4x) = 5 1 
sy ai 
x 2K 5 


Complete the square. 








e-Ie+t1=>+1 
fyi 
e-1y=3 
Vigo) ; 
x-1=+%% 
Bee 6 ee VG. 
x Oger es x realtors 
= V6 Re Pes 
ee as 5 x= 1 oy 
2 V6 2 = V6 
y 2 
Check 


2 —ax -1=0 


2244) 4(22%4) ale 








2 2 
242 AE*8) — 202 + Ve) - 1 0 
Pe OM 4 ON 6 — 1) 0 


00 


2x? — 4x -1=0 


7 i nee 
2(28) - 4(2=°8) - 1 | 0 


2(2$=4¥8* 8) _ 20 - ve) ~ 1 0 


DES ING 2 8 A 04/6 = 1 ||. 0 
0=0 





2-vV6 
and ae 


z 


+ V6 








: 2 
The solutions are 


Solution on p. S26 
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g 


i Example 2 


Solve by completing the square: 
x +4x+5=0 
Solution 
Moe a yaxr 5 10 
x? + 4x = —5 


Complete the square. 


xv+4x+4=-54+4 
G@ +2) =-1 
Vi“ +27 =VvV-1 


V—1 is not a real number. 


The quadratic equation has no real number 
solution. 


E You Try It 2 
Solve by completing the square: 
x? + 6x + 12=0 


Your solution 


ee eeece ese eee eee oo eo eee eee eer ee oe HOTS oe OR HHO THO HEH DEO OHH SEE OOOH OHO HOH HOE EHH OOH HOO HEE HEHEHE HEHEHE HEHEHE THO EH EHH EE HOE OE 


2 


Solve a > ae + 


4 


2 


1 = 0 by completing the 


square. Approximate the solutions to the 
nearest thousandth. 


Solution 
Ee ot 
—+—+1=0 
4 2 


3x 


x? 

ae 2 1 b= 40 
4 2 ”) 
x?+6x+4=0 


x? + 6x = —4 


Complete the square. 


KP On +O = = 4.4 9 
Ge 3) S5 
Vet 3p = V5 

ge £N/5 
x+3=V5 
x=-34+V5 
3 30 
= —(.764 


Ee gee Nae 


Xx 


R 


-V5 
—-3-V5 
73) 01036 
—5.236 


The solutions are approximately —0.764 and 


e230. 


2 


Solve = + x + 1 =0 by completing the square. 


Approximate the solutions to the 
nearest thousandth. 


Your solution 


Solutions on p. S26 
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11.2 Exercises 


Objective A 






Complete the square of each binomial. Write the resulting trinomial as the square of a binomial. 


1. x? — 8x 2. x? + 6x 3. x* + 5x 4. x° — 3x 


Solve by completing the square. 


5. x7? +2x-3=0 6. y+4y-5=0 7. 2—6z2-16=0 8. w?+8&w-9=0 


9. x =4x-4 10. z> = 8 — 16 11. vw —-6v+ 13=0 12. «?+4<+13=0 


13. y+5y+4=0 14. v—5v-6=0 15. w?+7w=8 AK ys ames 


7. vt 41 =0 18. y2—-2y-5=0 19. 2+ 6x =5 


a 22. 2 =y-2 
20. w’* —- 8w=3 2 te Be ote Oe, 
23. p?+3p=1 24. P+5r=2 25) P= 37 
26. 2-52=-3 27. vtv—-3=0 28. x? -x=1 
E129, -y2 = 7 — 10y 30. v2 = 14 + 16v 31. P-3r=5 
2 
: ~ eee = BA ye ed = 0 
& | 32. s?+3s—=—-1 33. ¢-t yty 
= 
= 
2 | 35, x2-3x+5=0 36. 2+52+7=0 37. 2? — 3f 1 — 6 
© 
. 
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‘ 
38. 2x7 -7+3=0 39. 2? +5r=3 40. 2y?-3y=9 A1ga2s7= 751% 
AQ 2am 3x4 20 43. W=v+1 44. 22 =z+3 45. 372+ 5r=2 
46. 3? — 8t =3 47, 3y°+8y+4=0 48. 3z°-102-8=0 49. 4x7+ 4x -3=0 
50. 47+4v-15=0 £51. 6s?+ 7s =3 52. 62 = 24+ 2 53. 6p? =5p +4 





o} Solve by completing the square. Approximate the solutions to the nearest thousandth. 


54. y+ 3y=5 55. w?+5w=2 56, 27 37 














57. 2k + ox = 11 58. 4x? + 6x -1=0 59). 4° 2 = = 
APPLYING THE CONCEPTS 
60. Explain why the equation (x — 2)* = —4 does not have a real number 
© solution. 
YN 
Solve. 
aD 
61. ae a 62. Vet 2=x-4 63. V3x+4-x=2 
D5 ape eae) aaa | 3 C2 2 
cee le 65. + = ; = 
° Se ATE > 2 ae Zs = 3 Pe 4 
67. 4Vx+1-x=4 68. V2e 7 =x + 2 69. 3Vx = oa 


70. A basketball player shoots at a basket 25 ft away. The height of the ball 
above the ground at time ¢ is given by h = —16t? + 32¢ + 6.5. How many 
seconds after the ball is released does it hit the basket? Hint: When it hits 
the basket, h = 10 ft. 


71. A ball player hits a ball. The height of the ball above the ground can be 
approximated by the equation h = —16f* + 76t + 5. When will the ball hit 
the ground? Hint: The ball strikes the ground when h = 0 ft. 
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Solving Quadratic Equations by 
Using the Quadratic Formula 


1 1 @ R 
Ona. To solve a quadratic equation 


by using the quadratic formula 








ie 
Any quadratic equation can be solved by completing the square. Applying this 


method to the standard form of a quadratic equation produces a formula that 
can be used to solve any quadratic equation. 


Solve ax? +bx+c=0 by com- ax’ +bx+c=0 
pleting the square. 
Add the opposite of the constant aa be Cre (6) = 0,75 ae) 
term to each side of the equation. Ut OK 
1 1 
Multiply each side of the equation Sak Dx) = =e) 
by the reciprocal of a, the coeffi- ¢ b ? 
cient of x’. eine ee Bs 
a a 
1 eo eid bas 
Complete the square by adding x? + Ls + (3 2) = (; : 2) iG 
ee a Pie (0) 2a a 
(3 : 2) to each side of the 4? lk = 
equation. LI ITS S TE Sic 
b be oe 4 
Simplify the right side of the tt ee Oa ees (: : “| 
equation. a 4a 4a a 4a 
24 b at bt on = 4ac 
ea aa 4a 4? 
28. b - bin be ae 
RO ee “ange 4a? 
b\’ b? — 4ac 
Factor the perfect-square trinomial Coes one 
on the left side of the equation. i pd 


2 b? — 4a 
Take the square root of each side Pee Bs \ che opin ered ee 
i 2a 4a 
of the equation. 





b \V b* — 4ac 
: ap 
2a 2a 
b Vb? — 4ac b Vb? — 4ac 
Solve for x. c+ = pe eee et eee 
2a 2a 2a 2a 
b Vb? — 4ac b Vb? — 4ac 
OS a aE an eee i=") a 
2a 2a 2a 2a 
ee er ee _ -b — Vb? = 4ac 
= 2a = 2a 


The Quadratic Formula 


The solutions of ax? + bx + c=0,a#40,are 


=h+ Vb? — 4ac 
2a 
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» Solve by using the quadratic formula: 2x* = 4x — 1. 


First write the equation in standard form. Then use the quadratic formula. 


2x? = 4x - 1 
2x? —-4x +1=0 
=D +b 440 
2a 


© Subtract 4x from and add 1 to each 
side of the equation. 
© The quadratic formula 





-(-4) + VERE 


2.11) °a=2,b= —4,c = 1. Replace a, b, 








eee) and c by their values. 
ae Waa ae 
_ FEVIGES Bie be V8 + Simplify 
4 4 
Ae 7Ve 2V2 BAe 2-Vv2 
= The solutions are and 
4 2 
i Example 1 *You Try It 1 


Solve by using the quadratic formula: 
2x? — 3x +1=0 


Solution 
2x7 —- 3x +1=0 °a=2,b= -3,c=1 
= (3h V3) = 42) (1) 





Doan 
ce VCS ese ie 
Sey cy ea ie ee 
Mer ial ee! 
——— 4 ee TE 
ee _2_1 
4 4 2 
The solutions are 1 and a 


‘Example 2 
Solve by using the quadratic formula: 
ges 
2 = 
Ke 5 
luti — = 2g—= 
Solution 5 x 4 
e S 
4{—) = 4/2 == 
(3 (2 :) 
2x? = 8x —5 


©a=2,b= -8,c=5 
_ Tt 8) = V(—8)* = 42) (5) 





DO) 
_8+=V64—40 8+ V24 
4 4 
SVG, ALN 
4 2. 
pena 
The solutions are and 7 





Solve by using the quadratic formula: 
3x7 + 4x —-4=0 


Your solution 





You Try It 2 
Solve by using the quadratic formula: 


Your solution 


Solutions on p. S26 
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11.3 Exercises 






Objective A 


Solve by using the quadratic formula. 


ek A = 0 2. yi By he 2 ='0 3a 22 15 = 0 4. vit it 4 = 0 
Sy = 2y + 3 6. w*>=3w + 18 7. r=5-4r 8. 2=3—2z 
Seay — 1 = "0 10. 2° —5t+3=0 11. w?+3w+5=0 
12. 0° 2x +6=0 13. p?’-p=0 14. 27+v=0 
ee eee 16; 4s2—25=0 17. 4y? + 4y =15 
18. 6y?+ 5y —4=0 19. 2x? +x+1=0 20. 3° —r+2=0 
l 5 2 a2 Mfr =a 

Bows lee 22. y?—4y =6 ae : 
24. 2+47+1=0 25. -w? = 4w +9 26... y> = Sy 8 

E 27, Oy + 6p —1=0 28. 9s? -—6s —-2=0 29. 4p7+ 4p +1=0 

Z 

z We 5 pl ny) 

e | 30. 97? + 122+ 4=0 31. eo A S32! at 

O 

S 

Z 33. 4p? => lop ——11 34. .4y° —12y,=;-1 35. 47°=4 4+ 11 

© 

g 
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36. 4s? + 12s =3 37s Qu 300 = 123 38. 91? = 30t + 17 


| Solve by using the quadratic formula. Approximate the solutions to the nearest thousandth. 





x*—2x —21=0 40. y?>+4y-11=0 41. s?-—6s-—13=0 
42. w*?+8w-15=0 43. 2p? -— 7p —10=0 44,° 37 — 8 —1=0 
45. 422+ 82-1=0 46. 4.7+7x+1=0 47. 5v-v—-5=0 


APPLYING THE CONCEPTS 


48. Factoring, completing the square, and using the quadratic formula are 
©» three methods of solving quadratic equations. Describe each method, and 


Reeth 


“4 cite the advantages and disadvantages of using each. 


49. Explain why the equation 0x? + 3x + 4 = 0 cannot be solved by the qua- 
© dratic formula. 


50. Solve x? +ax+b=0 forx. 


51. True or False? 


a. The equations x = V12 — x and x* = 12 — x have the same solutions. 
b. If Va + Vb =c, thena + b =c?. 








c. V9==3 
d. Vx? = |x| 
Solve. 
52) Vx oS = 6s 53. Ve ae 4 154557 he 
XPRsS OID x+1 4 
55. Vx? +2x4+1=x-1 56 —+-== ; = = 
‘ae i 4 2 a ets eae 


58. An L-shaped sidewalk from the parking lot to a memorial is shown in the 
figure at the right. The distance directly across the grass to the memorial 
is 650 ft. The distance to the corner is 600 ft. Find the distance from the 
corner to the memorial. 





59. A commuter plane leaves an airport traveling due south at 400 mph. 
Another plane leaving at the same time travels due east at 300 mph. Find 
the distance between the two planes after 2 h. 









a 
=f, 
ie 
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th 








c Objective A 


PERSE SLE CLS SSS ROD secoomnteveraseceroone 


“TAKE NOTE 


For the equation 
y = 8x? -—x+ 1,a=3, 
b= I andici—wl; 





into the shape of 


a Se: The mirror at 


e Palomar Mountain 


Observatory is 2 ft thick at 


th 
to 
gr 


(the three-dimensional version 


e ends and weighs 14.75 
ns. The mirror has been 
ound to a true paraboloid 


of a parabola) to within 


oO. 


0000015 in. A possible 


equation of the mirror is 


M4 


(TAKE NOTE 


= 2640x*. 


One of the equations at 
_ the right was written as 


= 2x" + 8x — 2 and 
the other using 
functional notation as 
fe) = =x? + 8x + 2. 
Remember that y and 
f (x) are different 
symbols for the same 
quantity. 
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Graphing Quadratic Equations in 
Two Variables 


To graph a quadratic equation - 


_ 
y 


of the form y = ax? + bx +c 





An equation of the form y = ax? + bx +c, 
a#Q, is a quadratic equation in two 
variables. Examples of quadratic equations 
in two variables are shown at the right. 


NS Oke ret 
ya qe = 3 
yy Ox = 5x 


For these equations, y is a function of x, and we can write f(x) = ax? + bx +c. 
This equation represents a quadratic function. 


= Evaluate f(x) = 2x? — 3x + 4 when x = —2. 
f(x) = 2x? — 3x + 4 
pe 22) 32) 4 
=2(4)+6+4=18 


e Replace x by —2. 
© Simplify. 
The value of the function when x = —2 is 18. 


The graph of y = ax* + bx + c or f(x) = ax? + bx + c isa parabola. The graph is 
U-shaped and opens up when a is positive, and down when a is negative. The 
graphs of two parabolas are shown below. 





f(x) =x? +3x+2 
a=-1, a negative number 
Parabola opens down. 


y = 2x? +3x-2 
a=2,a positive number 
Parabola opens up 


=» Graph y = x?-— 2x — 3. 


e Find several solutions of the equation. Because the 
graph is not a straight line, several solutions must be 
found in order to determine the U-shape. Record the 
ordered pairs in a table. 





es) 
One of the Projects and Group 
Activities at the end of this 
chapter shows how to graph a 
quadratic equation by using a 
graphing calculator. You may 
want to verify the graphs you 
draw in this section against 
those drawn by a graphing 
calculator. 











¢ Graph the ordered-pair solutions on a 
rectangular coordinate system. Draw a 
parabola through the points. 
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y For the graph of y = x? — 2x — 3, shown here again at the left, note that the 
| graph crosses the x-axis at (—1, 0) and (3, 0). This is also confirmed from the 
table for the graph (see the preceding page). From the table, note that y = 0 when 
x = —1 and when x = 3. The x-intercepts of the graph are (—1, 0) and (3, 0). 


The y-intercept is the point at which the graph crosses the y-axis. At this point, 
x = 0. From the graph, we can see that the y-intercept is (0, —3). 





We can find the x-intercepts algebraically by letting y = 0 and solving for x. 


y-intercept™, 
pt, 


y= = 2e=3 





0O=x? — 2-3 © Replace y by 0 and solve for x. 
OG Ges) ¢ This equation can be solved by factoring. However, it 
al e x f= 0 31) will be necessary to use the quadratic formula to 
LC a sel x=3 solve some quadratic equations. 


The first of the Projects 
and Group Activities at 
the end of this chapter 

shows how to use a 


We can find the y-intercept algebraically by letting x = 0 and solving for y. 
y= x? — 2x — 3 

















graphing calculator to 0 Se) 3 ° Replace x by 0 and simplify. 
draw the graph of a =-—3 
parabola and how to find ; ; 
the x-intercepts. The y-intercept is (0, —3). 
‘eae 1 © You Try It 1 Graph y = x? + 2; 
Solution Your solution 
' eRe arate Pt OE Te eh ev herd Anda GES SA West ised weA'a 4 Wola dd Gael e eis a chews Oeeee ne ee ae er 
‘Example 2 Find the x- and y-intercepts of the “You Try It 2 Find the x- and y-intercepts of 
graph of y =x? — 2x — 5. the graph of f(x) = x? — 6x + 9. 
Solution Your solution 
To find the x-intercepts, let y = 0 and solve for 
x. This gives the equation 0 = x? — 2x — 5, 
which is not factorable over the integers. Use 
the quadratic formula. 
et One AC 
2a 
HD EVe2F = ADCS) 22 24 
2(1) 2 
UE So DAS) 
= 2 + 2V6 =1+VvV6 
pe 
The x-intercepts are (1 — V6, 0) and 
(1 + V6, 0): 
To find the y-intercept, let x = 0 and solve for y. 
See pate eas) 
= 0° — 20) —5'= =5 
The y-intercept is (0, —5). Solutions on pp. S26—S27 
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11.4 Exercises 






Objective A 





Determine whether the graph of the equation opens up or down. 
2. y=x?-2x-3 3. y=2x?-4 4. f(x) =3 - 2x -x? 


Evaluate the function for the given value of x. 


5. f(x) =x? -2x4+ 1:x=3 6. f(x) = 2x? +x-1:x = -2 
heaps) SAS xt = —3 8. f(x) =x? + 6x + 9:x = -3 
9. f(x) = —x? + 5x -6:x = -4 10. f(x) = —2x? + 2x — 1:x = -3 
Graph. 




















TRS Meee 
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oe aes 21% Gye eet 22, yax?—4e +2 











23. 2A ae = 2x + 3 25. vy=—-¢ + 44-4 
2 y 
A 
4 “4 
2 2 
ae SNS x 
I 0 4s) Ol ees 
29) -2 
4 -4 











Determine the x- and y-intercepts for each of the following. 


265° y =7— 5x 4.6 27. y=x' + 5x—6 28. f@)=9-x 

29. f(x) =x? + 12x + 36 30. y=x?+2x-6 31. f@)=x + 4% -2 
32. y=x?4+2x+3 33. y=x?-x+1 34. f(x) =2x?-x-3 
35. f(@) =2e7= 13% 4+ 15 36. y=4-x-x 37. P= 2 —=Bx Sr 
APPLYING THE CONCEPTS 


Show that the equation is a quadratic equation in two variables 
by writing it in the form y = ax? + bx +c. 


38. y+1=—(@ — 4) 39. y-2=3@+1) 40. y—4=2( — 3) 41. y+3=36@—-—1/) 


Find the x-intercepts of each of the following. 


Ay Se Sa 164 43. y=x> -— 4x? - 5x 
44, y=x+x?-4«-4 45. y=x4+ 3x7?-x-3 
Hint: Factor by grouping. Hint: Factor by grouping. 
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Application Problems 


Objective A To solve application problems 


The application problems in this section are varieties of those problems solved 
earlier in the text. Each of the strategies for the problems in this section will 
result in a quadratic equation. 





~™ In 5 h, two campers rowed 12 mi down a stream and then rowed back to their 


campsite. The rate of the stream’s current was 1 mph. Find the rate at which 
the campers rowed. 


@eeeoososooeeee#*eer#*#eeee#e#e*e#85e@eeek#e#egse*#aoeoe#eeeee#*ee#Qn#eseeses#w#eg#e#eegcewt# @ 


Strategy for Solving an Application Problem 


1. Determine the type of problem. For example, is it a distance-rate problem, a geometry 
problem, or a work problem? 


, a 
wBescce & 


eeoeeseee5u5u8unexee3vwmeeeeeseeeteeeeeeoeeeepeeeeteeeeeeeet ee @ 


The problem is a distance-rate problem. 


eeeevoeeoeseseeeveesveeeeeeeeoeeweeertpeeeseeseeseewpeeoeepmeeee 


2. Choose a variable to represent the unknown quantity. Write numerical or variable 
expressions for all the remaining quantities. These results can be recorded in a table. - 


eceeevee0eeve@e8veeeve7e2e26¢ee#e ee eeeeeeeeeeeeeeeee ¢ 


Or Sa Pc™ 
wee AH 


The unknown rate of the campers: r 





Craik Bc Bt Si OBS Mi ee Geshe a aS ee on Siac arltee  Sa olan eleanor 


e 3. Determine how the quantities are related. . 


0 a er ee oer ae nk CD Tk Se 























eee Theroe nine cthe napiwas Sb. Dowie 
2 TAKE NOTE | reg >i 
| ¢ The time going i R Dew a 
£2 downstream plus the (Ga(r 1(- es :) =F — 1S 
op) Bewes H 
© | time going upstream ' ig Anos 
2 | is equal to the time of : (— Di2z+-@¢7 Dr (r 1)5 
e's ee ene tp. 12r — 12 + 12r +12 =5¢?—5 
| : Oa 57° 2478 
| I sc A RES RA NE RSTO IN RSE PEIRCE ECS NEES IL EE : 
2 |TAKE NOTE | Venues he =) 
(=| } 
: Petty = r-5=0 
» | Thesolutionr=— Tis | ba t=O 
Z| : Sra 1 r=5 
> _ not possible, because the — ; 
= rate cannot be a i aaa es 
ome : | : 
& | negative number. 
6 8 The rowing rate was 5 mph. 





500 Chapter 11 / Quadratic Equations 
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Example 1 
A painter and the painter's apprentice working 
together can paint a room in 2 h. Working 
alone, the apprentice requires 3 more hours to 
paint the room than the painter requires 
working alone. How long does it take the 
painter working alone to paint the room? 


Strategy 

e This is a work problem. 

° Time for the painter to paint the 
room: ¢ 


Time for the apprentice to paint the 
room: ? + 3 





e The sum of the parts of the task 
completed must equal 1. 








Solution 
2 2 
ag 
+9 (24 ae AU See es) cm! 
(> tes 
(fa 3)2 + t= (0+ 3) 
2t+6+ 2t=7 + 3t 
0O=P-—1t-6 
0 = (¢ — 3)¢@ + 2) 
t-3=0 t+2=0 
t=3 P= 
The solution t = —2 is not possible. 


The time is 3 h. 


© 60 o 606 oO 08 0 6 06 6 6 £64 8 6S Clete ©) Ope 0:6 6180810 0 018.60 S16 BIS) 2 64 8 0 


= You Try It 1 

The length of a rectangle is 2 m more than 
the width. The area is 15 m?. Find the 
width. 


Your strategy 


Your solution 


Solution on p. S27 
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11.5 Exercises 


Application Problems 


The height of a triangle is 2m more than twice the length of the base. The 


area of the triangle is 20 m’. Find the height of the triangle and the length 
of the base. 


The length of a rectangle is 4 ft more than twice the width. The area of 
the rectangle is 160 ft’. Find the length and width of the rectangle. 


The area of the batter’s box on a major-league baseball field is 24 ft. The 
length of the batter’s box is 2 ft more than the width. Find the length and 
width of the batter's box. 


The length of the batter’s box on a softball field is 1 ft less than twice the 
width. The area of the batter’s box is 15 ft?. Find the length and width of 
the batter's box. 


The length of a swimming pool is twice the width. The area of the pool is 
5000 ft’. Find the length and width of the pool. 


The length of a singles tennis court is 24 ft more than twice the width. The 
area of the tennis court is 2106 ft*. Find the length and width of the court. 


The hang time of a football that is kicked on the opening kickoff is given 
by s = —167? + 88¢ + 4, where s is the height of the football t seconds 
after leaving the kicker’s foot. What is the hang time of a kickoff that hits 
the ground without being caught? Round to the nearest tenth. 


A square piece of cardboard is to be formed into a box to trans- 
port pizzas. The box is formed by cutting 2-inch square corners 
from the cardboard and folding them up as shown in the figure at 
the right. If the volume of the box is 512 in*, what are the dimen- 
sions of the cardboard? 


The distance, s, a car needs to come to a stop on a certain surface depends 
on the velocity, v, in feet per second, of the car when the brakes are 
applied. The equation is given by s = 0.0344v? — 0.758v. What is the max- 
imum velocity a car can have when the brakes are applied and stop within 
150 ft? 


The perimeter of a rectangular garden is 54 ft. The area of the garden is 
180 ft’. Find the length and width of the garden. 


The radius of a large pizza is 1 in. less than twice the radius of a small 
pizza. The difference between the areas of the two pizzas is 337 in’. Find 
the radius of the large pizza. 


The hypotenuse of a right triangle is V13 cm. One leg is 1 cm shorter than 
twice the length of the other leg. Find the lengths of the legs of the right 
triangle. 
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13. 


14. 


15. 


16. 


17. 


18. 


Chapter 11 / Quadratic Equations 


One computer takes 21 min longer than a second computer to calculate 
the value of a complex equation. Working together, these computers com- 
plete the calculation in 10 min. How long would it take each computer, 
working separately, to calculate the value? 


A tank has two drains. One drain takes 16 min longer to empty the tank 
than does a second drain. With both drains open, the tank is emptied 
in 6 min. How long would it take each drain, working alone, to empty 
the tank? 


Using one engine of a ferryboat, it takes 6 h longer to cross a channel than 
it does using a second engine alone. With both engines operating, the 
ferryboat can make the crossing in 4 h. How long would it take each 
engine, working alone, to power the ferryboat across the channel? 


An apprentice mason takes 8 h longer to build a small fireplace than 
an experienced mason. Working together, they can build the fireplace in 
3 h. How long would it take each mason, working alone, to complete the 
fireplace? 


It took a small plane 2 h longer to fly 375 mi against the wind than to fly 
the same distance with the wind. The rate of the wind was 25 mph. Find 
the rate of the plane in calm air. 


It took a motorboat 1 h longer to travel 36 mi against the current than to 
go 36 mi with the current. The rate of the current was 3 mph. Find the 
rate of the boat in calm water. 


APPLYING THE CONCEPTS 


1D: 


20. 


If a pizza with a diameter of 8 in. costs $6, what should be the cost of 
a pizza with a diameter of 16 in. if both pizzas cost the same amount per 
square inch? 


A wire 8 ft long is cut into two pieces. A circle is formed from one piece, 


and a square is formed from the other. The total area of both figures is 
2 


; 1 sept sat j 
given by A = 168 8) ue 7 What is the length of each piece of wire if 


the total area is 4.5 ft?? 





ee 


Oi 


8 


-| 





Xx 


fq 
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& Focus on Problem Solving 


_ Algebraic Problem solving is often easier when we have both algebraic manipulation 

Manipulation and and _ graphing techniques at our disposal. Solving quadratic equations and 

Graphing Techniques graphing quadratic equations in two variables are used here to solve problems 
involving profit. 


A company’s revenue, R, is the total amount of money the company earned by 
selling its products. The cost, C, is the total amount of money the company spent 
to manufacture and sell its products. A company’s profit, P, is the difference 
between the revenue and the cost: P = R—C.A company’s revenue and cost may 
be represented by equations. 


A company manufactures and sells woodstoves. The total monthly cost, in 
dollars, to produce 1 woodstoves is C = 30n + 2000. Write a variable expression 
for the company’s monthly profit if the revenue, in dollars, obtained from selling 
all n woodstoves is R = 150n — 0.4n?. 


Po RC. 
P = 150n — 0.4n? — (30n + 2000) e Replace A by 150n — 0.4n? and C 
P = —0.4n? + 120n — 2000 by 30n + 2000. Then simplify. 


How many woodstoves must the company manufacture and sell in order to make 
a profit of $6000 a month? 


P = —0.4n? + 120n — 2000 


6000 = —0.4n? + 120n — 2000 Substitute 6000 for P. 
0 = —0.4n* + 120n — 8000 e Write the equation in 
standard form. 
0 = n* — 300n + 20,000 © Divide each side of the 
equation by —0.4. 
0 = (n — 100)(n — 200) ¢ Factor. 
n — 100 =0 n — 200 = 0 © Solve for n. 
n = 100 n = 200 


The company will make a monthly profit of $6000 if either 100 or 200 wood- 
stoves are manufactured and sold. 


The graph of P = —0.4n? + 120n — 2000 is shown (Bele 
at the right. Note that when P = 6000, the values S000) = 180, 7000) = 
of n are 100 and 200. 6000 fy eNO a 
Also note that the coordinates of the highest point aeaee ee a 

on the graph are (150, 7000). This means that the 2 
company makes a maximum profit of $7000 per UG a a 
month when 150 woodstoves are manufactured yl ese 
and sold. 100. 200. 3 








SOOO ey ene 


1. The total cost, in dollars, for a company to produce and sell n guitars per 
month is C = 240n + 1200. The company’s revenue, in dollars, from selling 
all n guitars is R = 400n — 2n’. 


a. 


b. 


How many guitars must the company produce and sell each month in 
order to make a monthly profit of $1200? 


Graph the profit equation. What is the maximum monthly profit that the 
company can make? 
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ce Projects and Group Activities 


Graphical Solutions A real number x is called a zero of a function if the function evaluated at x is 0. 
of Quadratic That is, if f(x) = 0, then x is called a zero of the function. For instance, evaluat- 


Equations ing f(x) =x* + x — 6 when x = —3, we have 
ae 
| fax te 6 
f(—3) = (—3y + (3), -— 6 Replace x by —3. 


f(-3)=9-3-6=0 


For this function f(—3) = 0, so —3 is a zero of the function. 
y =» Verify that 2 is a zero of f(x) = x? + x — 6 by showing that f(2) = 0. 


The graph of f(x) =x? +x — 6 is shown at the left. Note that the graph 
crosses the x-axis at —3 and 2, the two zeros of the function. The points 
(—3, 0) and (2, 0) are x-intercepts of the graph. 


Or consider the equation 0 = x? + x — 6, which is f(x) = x? + x — 6 with f(x) 
replaced by 0. Solving 0 = x? + x — 6, we have 





f(x)=2x2+x-6 ee Qa er = 6 
0 = & + 3)@ — 2) ¢ Solve by factoring and using the 
<3 = 0 Poi er Principle of Zero Products. 
eS x=2 


Observe that the solutions of the equation are the zeros of the function. This 
important connection among the real zeros of a function, the x-intercepts of its 
graph, and the solutions of the equation is the basis for using a graphing calcu- 
lator to solve an equation. 


The following method of solving a quadratic equation by using a graphing cal- 
culator is based on a TI-83 or TI-83 Plus calculator. Other calculators will require 
a slightly different approach. ; 


»» Approximate the solutions of x7 + 4x = 6 by using a graphing calculator. 
Write the equation in standard form. x7 + 4x =6 


x>+4x-6=0 


1. Press and enter x? + 4x — 6 for Y1. Beal aces aS 





2. Press [GRAPH]. If the graph does not 10 
appear on the screen, press 6. 


—10 
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CALCULATE) 


1: value 
ee Zero 
3: minimum 
4: maximum 
5: intersect 
6: du/dx 
7: Sf(x)dx 












10 





Yi=X2+4X-6 


0) 






Left Bound? 
X=-5.531915 “ EY=2.4U744228 


0) 





10 






Yi=X°+4X-6 


—10 





Right Bound? 
X=-4.893617/ t Y=-1.626981 


—10 





Yi=X2+UX-6 
<4 


Guess? 
X=-5.106383% tY=-.3503848 
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Projects and Group Activities 


. Press CALC 2. Note that the selection for 2 says zero. This will 


begin the calculation of the zeros of the function, which are the solu- 
tions of the equation. 


. At the bottom of the screen you will see LeftBound? This is asking you 


to move the blinking cursor so that it is to the left of the first x-intercept. 
Use the left arrow key to move the cursor to the left of the first x- 
intercept. The values of x and y that appear on your calculator may be 
different from the ones shown here. Just be sure that you are to the left 
of the x-intercept. When you are done, press [ENTER]. 


At the bottom of the screen you will see Ri ghtBound? This is asking you 
to move the blinking cursor so that it is to the right of the x-intercept. 
Use the right arrow key to move the cursor to the right of the x-intercept. 
The values of x and y that appear on your calculator may be different 
from the ones shown here. Just be sure that you are to the right of the 
x-intercept. When you are done, press [ENTER]. 


At the bottom of the screen you will see Guess? This is asking you to 
move the blinking cursor to the approximate x-intercept. Use the arrow 
keys to move the cursor to the approximate x-intercept. The values of x 
and y that appear on your calculator may be different from the ones 
shown here. When you are done, press [ENTER]. 


. The zero of the function is approximately —5.162278. Thus one solution 


of x* + 4x = 6 is —5.162278. Also note that the value of y is given as 
Y1 = 1E 12. This is the way the calculator writes a number in scien- 
tific notation. We would normally write Y1 = —1.0 x 107". This num- 
ber is very close to zero. 


To find the other solution, we repeat Steps 3 through 7. The screens are 
10 shown below. 






Yi=X2+UX-6 
10 


Zero 
X=-5.162278% tY=-lE-l2 





Yi=X2°+4X-6 


Yi=X°+UX-6 


Left Bound? 
X=.85106383% t Y=-1.871435 


Right Bound? 
X=1.48936177 t Y=2.1756451 





10 10 
Yi=X2+4X-6 










Yi=X°+4X-6 





—10 


Zero 
X=1.1622777 ’ cY=0 
—10 


X=1.27659577% tY=.73607964 
—10 


A second zero of the function is approximately 1.1622777. Thus the two 
solutions of x* + 4x = 6 are approximately —5.162278 and 1.1622777. 
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Geometric 
Construction of 
Completing the 


Use a graphing calculator to approximate the solutions of the following 
equations. 


1.x%7+ 3x -4=0 2. x7 -4x —5 =0 
3.x2 + 3.4x = 4.15 oa 
etx Ag =A) 2x 9 3 


5. mx? — V17x -2=0 6. V2x2+x—-V7=0 


Completing the square as a method for solving a quadratic equation has been 
known for centuries. The Persian mathematician Al-Khwarismi used _ this 
method in a textbook written around 825 A.D. The method was very geometric. 


Square That is, Al-Khwarismi literally completed a square. To understand how this 
method works, consider the following geometric shapes: a square whose area is 
x’, a rectangle whose area is x, and another square whose area is 1. 
Aaa 
5 (6x) = 3x 








3) squares were 


added 


Ne 


Now consider the expression x* + 6x. From our discussion in this chapter, to 





2 
complete the square, we added (4 -6) = 3? =9 to the expression. The geomet- 


ric construction that Al-Khwarismi used is shown at the left. 


Note that it is necessary to add 9 squares to the figure to “complete the square.” 
One of the difficulties of using a geometric method such as this is that it cannot 
easily be extended to x* — 6x. There is no way to draw an area of —6x! That really 
did not bother Al-Khwarismi much. Negative numbers were not a significant 
part of mathematics until well into the 13th century. 


1. Show how Al-Khwarismi would have completed the square for x* + 4x. 
2. Show how Al-Khwarismi would have completed the square for x* + 10x. 


[ ~—s Chapter Summary Seer 


Key Words 


Essential Rules 


A quadratic equation is an equation of the form ax? + bx +c = 0, where a #0. : 


A quadratic equation is also called a second-degree equation. |p.479]| 


A quadratic equation is in standard form when the polynomial is in descending : 


order and equal to zero. [p.479] 


° 


° 
e 


A quadratic equation in two variables is given by y = ax? + bx +c, wherea ¥ 0. : 


[p.495] 


A quadratic function is given by f(x) = ax? + bx = c, where a # 0. The graph of a : 


quadratic function is a parabola. [p.495| 


The Quadratic Formula [p.491] The Square Root Property of an Equation [p.481 | : 


rb + VF Fae 


Se If x? = a, then x = +Véa. 
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11. 


13. 


15. 


@ Chapter Review 


Solve by factoring: 6x? + 13x — 28 = 0 


Solve by completing the square: 
x° + 2x —24=0 


Solve by completing the square: 
2 SK = 12 


Solve by taking square roots: 
(x + 2)? —24=0 


Solve by factoring: 6x(@ + 1)=x-1 


Solve by completing the square: 
x?—-4x+1=0 


Solve by completing the square: 
x? +6x+12=0 


Solve by taking square roots: 


wile\e 2.49 
5 4 


10. 


12; 


14. 


16. 
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Solve by taking square roots: 
49x? = 25 


Solve by using the quadratic formula: 
x 54 —6= 0 


Solve by factoring: 12x? + 10 = 29x 


Solve by using the quadratic formula: 
2h? 3 = 5K 


Solve by taking square roots: 
4y?+9=0 


Solve by using the quadratic formula: 
x? —3x-5=0 


Solve by factoring: (x + 9)? =x + 11 


Solve by completing the square: 
4x? + 16x =7 
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\ 
17. Solve by using the quadratic formula: 18. Solve by using the quadratic formula: 
x*7>—-4x+8=0 2x? +5x+2=0 
19. Graph y = —3x’. 20. Graph y = = 2%, 
y y 
‘| 4 
Hele ee ee fee 2 
oaudeoaee ell 
2 See eee re Ee ee 
= -2 
-4 =A 
21. Graph y = 2x’ + 1. 22. -Graph y= x? = 4% +3, 
4 pee e #: 
i: : S 
| ce 
40-2 O12 A 
=2 
=4 
23. Graphy = —< +40 —5. 24. Find the x- and y-intercepts of the graph of 


y= x? — 2x — £5. 





25. It took a hawk half an hour longer to fly 70 mi against the wind than to fly 
40 mi with the wind. The rate of the wind was 5 mph. Find the rate of the 
hawk in calm air. 
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o Chapter Test 


1. Solve by factoring: x? — 5x — 6 =0 2. Solve by factoring: 3x? + 7x = 20 

3. Solve by taking square roots: 4. Solve by taking square roots: 
Mais 50: = 0 3 +4)? — 60=0 

5. Solve by completing the square: 6. Solve by completing the square: 
coax — 16 ='0 x + 3x = 8 

7. Solve by completing the square: 8. Solve by completing the square: 
2h = 64 1-5 0 2x? + 84 = 3 

9. Solve by using the quadratic formula: 10. Solve by using the quadratic formula: 
x?+4x+2=0 Rion = 6 
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\ 
11. Solve by using the quadratic formula: 12. Solve by using the quadratic formula: 
2x? — 5x -3=0 Bx? Sl 
13. Graph y = x? + 2x — 4. 14. Find the x- and y-intercepts of the graph of 


ian we 12: 
y 
‘| 
2 ; 
ale mx 
0 
—2 








-4 


15. The length of a rectangle is 2 ft less than twice the width. The area of the 
rectangle is 40 ft?. Find the length and width of the rectangle. 


16. It took a motorboat 1 h longer to travel 60 mi against a current than it took 
the boat to travel 60 mi with the current. The rate of the current was 1 mph. 
Find the rate of the boat in calm water. 
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ee Cumulative Review 


Simplify: 2x — 3[2x — 4(3 — 2x) + 2] -3 


Solve: 2x — 3(4x — 5) = —3x -— 6 


Simplify: (x? — 8) + (« — 2) 


eek 67 a te — 6 
So Serer 


72 Sa 
ees 

Simplify: ae 
a 


Find the equation of the line that contains 


4 
the point (—3, 2) and has slope ee 


Solve by the addition method: 
Se ly = 2 
5x — 2y = 14 


Simplify: (/a — V2)(Va + V2) 


10. 


12. 


14. 


16. 


Cumulative Review 511 


Simplify: (2a*b)*(—3a*b’) 


Factor: 3x* + 2x? — 8x 


1 
Coen UES as ah) 





See ss 
Simplify: GD 


Find the x- and y-intercepts for the graph of 
the line 4x — 3y = 12. 


Solve by substitution: 
30S y= 5 
y = 2x —3 


SolVe2 = oC OY) ka 


; LW 108a>> 
Simplify: Car 


512 


17. 


19: 


ZA. 


PIR 


25% 


DAG C 


29. 


Chapter 11 / Quadratic Equations 


V3 


Simplify: PE 





Solve by factoring: 6x? — 17x = —5 


Solve by completing the square: 
aK ie = 3 


Find the cost per pound of a mixture made 
from 20 lb of cashews that cost $3.50 per 
pound and 50 lb of peanuts that cost $1.75 
per pound. 


A 720-mile trip from one city to another takes 
3 h when a plane is flying with the wind. The 
return trip, against the wind, takes 4.5 h. 
Find the rate of the plane in still air and the 
rate of the wind. 


The sum of the squares of three consecu- 
tive odd integers is 83. Find the middle odd 
integer. 


Graph the solution set of 2x — 3y > 6. 





18. 


20. 


ZZ. 


24. 


26. 


28. 


30. 


Solves = oa Vek 


Solve by taking square roots: 
2(x — 5)* = 36 


Solve by using the quadratic formula: 
2x? — 3x —2=0 


A stock investment of 100 shares paid a divi- 
dend of $215. At this rate, how many addi- 
tional shares must the investor own to earn a 
dividend of $752.50? 


A student received a 70, a 91, an 85, anda 77 
on four tests in a mathematics class. What 
scores on the last test will enable the student 
to receive a minimum of 400 points? 


A jogger ran 7 mi at a constant rate and then 
reduced the rate by 3 mph and ran an addi- 
tional 8 mi at the reduced rate. The total time 
spent jogging the 15 mi was 3 h. Find the jog- 
ger’s rate for the last 8 mi. 


Graph y = x? — 2x — 3. 
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11. 


13. 


15. 


173 


19. 


PA 


« Final Exam 


Evaluate —|—3]. 


Simplify: —2* - (—2)4 


Evaluate a 
2 
Simplify: (—15z) (- 2) 


Solve: 20 = -x 


1 
Write 3 as a percent. 
Simplify: (2x? — 5« + 1) - 


(5x? — 2x — 7) 


Simplify: (3x? — x — 2)(2x + 3) 


1 1677 — 205? 
Simplify: Any? 
Simplify: (4x ’y)? (2xy~?)? 


Factor: x? — 5x — 6 


when a = 3 and b = —2. 


10. 


127 


14. 


16. 


18. 


20. 


22. 


Final Exam 513 


Subtract: —15 — (-12) — 3 


. : 12 -— 15 
Simplify: —7 — 
plity ep 





ae e)) 


Simplify: 6x — (—4y) — 


(=3x) + 2y 


Simplify: 


=2(5) O24 7) 2 


Solve: 4 — 2(3x + 1) =3(2 —x) +5 


Find 19% of 80. 


Simplify: (—3xy?)* 


(—2x*y°?)? 


Simplify: (—4xy')? 


Simplitys(Gurt 24 = 1) 2) 


Given f(t) = ——, find f(3) 


Factor: 6x* — 5x — 6 


514 


23. 


25. 


Dik 


29. 


31: 


33. 


35: 


Sie 


39. 


41. 


43. 


Final Exam 


Factor: 8x? — 28x? + 12x 


Factor: 2a(4 — x) — 6(x — 4) 


Solve: 2x? = 7x — 3 














5 ox 
implify: a 
Se aa 2X5 
5x 7 
lve: —3= 
Same 3x — 5 


Find the slope of the line that contains the 
poimts (—f, —3)and (2, —1). 


Solve by substitution: 
y=4x-7 
y=2x+5 


Solve: 4 —x =7 


Simplify: V.49x° 


V3 


Simplify: —~ 
papi V5 -2 


Solve by factoring: 
3x? -x=4 


24. 


26. 


28. 


30. 


52: 


34. 


36. 


38. 


40. 


42. 


44, 


Factor: 25x”? — 16 


Factor: 75y — 12x’y 


Ax? + 4x 
x? —2x+1 


x? -— 3x41 
4x* — 2x 





Zz 
Simplify: 


1 
Simplify: x — ae Te 
i} es 
a 


Solve a = 3a — 2b for a. 


Find the equation of the line that contains 


2 
the point (3, —4) and has slope =a 


Solve by the addition method: 
4x — 3y = 11 
2x + 5y = 1 


Solve: 2 —2(y 1). s.2y—6 


Simplify: 2\/27a + 8\/48a 


Solve: V2x —3 +4=5 


Solve by using the quadratic formula: 
4x? -2x -1=0 
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45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


Translate and simplify “the sum of twice a number and three times the 
difference between the number and two.” 


Because of depreciation, the value of an office machine is now $2400. 
This is 80% of its original value. Find the original value. 


The manufacturer's cost for a laser printer is $900. The manufacturer 
then sells the printer for $1485. What is the markup rate? 


An investment of $3000 is made at an annual simple interest rate of 8%. 
How much additional money must be invested at 11% so that the total 
interest earned is 10% of the total investment? 


A grocer mixes 4 lb of peanuts that cost $2 per pound with 2 lb of 
walnuts that cost $5 per pound. What is the cost per pound of the result- 
ing mixture? 


A pharmacist mixes together 20 L of a solution that is 60% acid and 
30 L of a solution that is 20% acid. What is the percent concentration 
of the acid in the mixture? 


At 2 P.M. a small plane had been flying 1 h when a change of wind direc- 
tion doubled its average ground speed. The complete 860-kilometer trip 
took 2.5 h. How far did the plane travel in the first hour? 


The angles of a triangle are such that the second angle is 10° more than 
the first angle and the third angle is 10° more than the second angle. 
Find the measure of each of the three angles. 


Final Exam 


515 


516 


SB 


54. 


aD: 


56. 


51. 


58. 


oo. 


Final Exam 


The sum of the squares of three consecutive integers is 50. Find the 
middle integer. 


The length of a rectangle is 5 m more than the width. The area of the 
rectangle is 50 m2. Find the dimensions of the rectangle. 


A paint formula requires 2 oz of dye for every 15 oz of base paint. How 
many ounces of dye are required for 120 oz of base paint? 


It takes a chef 1 h to prepare a dinner. The chef’s apprentice can prepare 
the dinner in 1.5 h. How long would it take the chef and the apprentice, 
working together, to prepare the dinner? 


With the current, a motorboat travels 50 mi in 2.5 h. Against the cur- 
rent, it takes twice as long to travel 50 mi. Find the rate of the boat in 
calm water and the rate of the current. 


Flying against the wind, it took a pilot ; h longer to travel 500 mi than 


it took flying with the wind. The rate of the plane in calm air is 
225 mph. Find the rate of the wind. 


Graph the line that has slope 5 and 
y-intercept (0, —3). 








60. Graph y = x? — 4x + 3: 





Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


« Appendix 


Guidelines for Using Graphing Calculators 


Texas Instruments TI-83 and TI-83Plus 


10 


To evaluate an expression 


a. 


Press the key. A menu showing \Y1 = through \Y7 = will be displayed verti- 
cally with a blinking cursor to the right of \Y1 =. Press [CLEAR|, if necessary, to 
delete an unwanted expression. 


- Input the expression to be evaluated. For example, to input the expression 


—3a*b — 4c, use the following keystrokes: 


[©] 3 [ALPHA] a [X7] [ALPHA] B [— ] 4 [ALPHA] c [2nd] QUIT 
Note the difference between the keys for a negative sign and a minus sign 


reas 








- Store the value of each variable that will be used in the expression. For example, 


to evaluate the expression above when a = 3, b = —2, and c = —4, use the fol- 
lowing keystrokes: 


3 [STO>] [ALPHA] A [ENTER] [(-)] 2 [STO>] [ALPHA] B 4 
ALPHA | C 


These steps store the value of each variable. 











. Press [>] [ENTER]. The value for the expression, Y1, for the given 


values is displayed; in this case, Y1 = 70. 


To graph a function 
a. Press the key. A menu showing \Y1 = through \Y7 = will be displayed verti- 


ditt it 1 1 4f 7() 





—19 JC 


(OSCR SES aS 


fos 





-10]4 


=10 


10 


cally with a blinking cursor to the right of \Y1 =. Press [CLEAR], if necessary, to 
delete an unwanted expression. 


. Input the expression for each function that is to be graphed. Press to input 


x. For example, to input y = x* + 2x? — 5x — 6, use the following keystrokes: 


3[ +] 2 [ken] [X27] [—] 5 KTen] [-]6 








. Set the viewing window by pressing {WINDOW}. Enter the values for the minimum 


x-value (Xmin), the maximum x-value (Xmax), the distance between tick marks on 
the x-axis (Xscl), the minimum y-value (Ymin), the maximum y-value (Ymax), and 
the distance between tick marks on the y-axis (Yscl). Now press [GRAPH]. For the 
graph shown at the left, Xmin = —10, Xmax = 10, Xscl = 1, Ymin = —10, 
Ymax = 10, and Yscl = 1. This is called the standard viewing window. Pressing 
[6] is a quick way to set the calculator to the standard viewing window. 
Note: This will also immediately graph the function in that window. 


. Press the key. The equal sign has a black rectangle around it. This indicates 


that the function is active and will be graphed when the [GRAPH] key is pressed. A 
function is deactivated by using the arrow keys. Move the cursor over the equal 
sign and press [ENTER]. When the cursor is moved to the right, the black rectan- 
gle will not be present and that equation will not be active. 


. Graphing some radical equations requires special care. To graph the equation 


y = V2x + 3 shown at the left, enter the following keystrokes: 
[y=] [CLEAR] [2nd] V2 3 GRAPH 
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To display the x-coordinates of rectangular coordinates as integers 


a. 


Set the viewing window as follows: Xmin = —47, Xmax = 47, Xscl—= 10, 
Ymin = —31, Ymax = 31, Yscl = 10. 


. Graph the function and use the TRACE feature. Press and then move the 


cursor with the [<1] and [& ] keys. The values of x and y = f(x) displayed on the 
bottom of the screen are the coordinates of a point on the graph. 


To display the x-coordinates of rectangular coordinates in tenths 


a. 


b. 


Set the viewing window as follows: 


Graph the function. Press and then move the cursor with the [<] and 
[& | keys. The values of x and y = f(x) displayed on the bottom of the screen are 
the coordinates of a point on the graph. 


To evaluate a function for a given value of x, or to produce ordered pairs of a function 


a. 
b. 


Cc. 


d. 


Input the equation; for example, input Y; = 2x* — 3x + 2. 
Press QUIT. 
To evaluate the function when x = 3, press [>] 3 [ENTER]. 


The value for the function for the given x-value is displayed, in this case, 
Y,(3) = 47. An ordered pair of the function is (3, 47). 


Repeat step c. to produce as many pairs as desired. 


The TABLE feature can also be used to determine ordered pairs. 


To use a table 


a. 


b. 


Press TBLSET to activate the table setup menu. 


TblStart is the beginning number for the table; ATbl is the difference between any 
two successive x-values in the table. 





- BN} Ask 
. The portion of the table that appears as noe = allows you to 


Depend: tiny Ask 
choose between having the calculator automatically produce the results 
(Auto) or having the calculator ask you for values of x. You can choose Ask by 
using the arrow keys. 


. Once a table has been set up, enter an expression for Y,. Now select TABLE by 


pressing TABLE. A table showing ordered pair solutions of the equation will 
be displayed on the screen. 





Zoom Features 
To zoom in or out on a graph 
Here are two methods of using ZOOM. 


a. 


The first method uses the built-in features of the calculator. Press and 
then move the cursor to a point on the graph that is of interest. Press [ZOOM]. The 
ZOOM menu will appear. Press to zoom in on the graph by the 
amount shown under the SET FACTORS menu. The center of the new graph is the 
location at which you placed the cursor. Press [ZOOM] [3] [ENTER] to zoom out on 
the graph by the amount under the SET FACTORS menu. (The SET FACTORS 
menu is accessed by pressing (i ea) 





. The second method uses the ZBOX option under the ZOOM menu. To use this 


method, press [ZOOM] [1]. A cursor will appear on the graph. Use the arrow keys 
to move the cursor to a portion of the graph that is of interest. Press [ENTER]. Now 
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Zero 
X=-.618034 


Appendix: Guidelines for Using Graphing Calculators 519 


use the arrow keys to draw a box around the portion of the graph you wish to zoom 


in on. Press [ENTER]. The portion of the graph defined by the box will be drawn. 


c. Pressing [ZOOM] [6] resets the window to the standard viewing window. 





Solving Equations 





This discussion is based on the fact that the real number solutions of an equation are 
related to the x-intercepts of a graph. For instance, the real solutions of the equation 


x2 


=x + 1 are the x-intercepts of the graph of f(x) = x? — x — 1, which are the zeros 


of f. 


To solve x? = x + 1, rewrite the equation with all terms on one side: x* — x — 1 = 0. 


Think of this equation as Y1 = x? — x — 1. The x-intercepts of the graph of Yi are the 
solutions of the equation x? = x + 1. 


a. 


b. 


Enter x” — x — 1 into Y1. 


Graph the equation. You may need to adjust the viewing window so that the 
x-intercepts are visible. 


. Press CALC Iai; 


. Move the cursor to a point on the curve that is to the left of an x-intercept. Press 


[ENTER], 


. Move the cursor to a point on the curve that is to the right of the same x-intercept. 


Press [ENTER]. 


The root is shown as the x-coordinate on the bottom of the screen; in this case, the 
root is approximately —0.618034. To find the next intercept, repeat steps c. 
through e. The SOLVER feature under the MATH menu can also be used to find 
solutions of equations. 





Solving Systems of Equations in Two Variables 





Intersection 
=-1.686141 












L Y=1.8430703 
sel 


To solve a system of equations 


To solve y=x?-1 
sx +y=1 ; 
a. If necessary, solve one or both of the equations for y. 
b. Enter the first equation as Y1: Yi = x? — 1. 
c. Enter the second equation as Y2: Y2 = 1 — .5x. 


. Graph both equations. (Note: The point of intersection must appear on the screen. 


It may be necessary to adjust the viewing window so that the points of intersec- 
tion are displayed.) 


e. Press CALC (8). 


£- 


Move the cursor close to the first point of intersection. Press [ENTER] [ENTER 


[ENTER]. 
The first point of intersection is (— 1.686141, 1.8430703). 


h. Repeat steps e. and f. for each point of intersection. 
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Finding Minimum or Maximum Values of a Function 





a. Enter the function into Y1. The equation y = x* — x — 1 is used here. 

b. Graph the equation. You may need to adjust the viewing window so that the maxi- 
mum or minimum points are visible. 

c. Press CALG to determine a minimum value or press CALC to 
determine a maximum value. 

d. Move the cursor to a point on the curve that is to the left of the minimum (maxi- 
mum). Press |ENTER]. 

e. Move the cursor to a point on the curve that is to the right of the minimum (maxi- 
mum). Press [ENTER] |ENTER]. 

f. The minimum (maximum) is shown as the y-coordinate on the bottom of the 
screen; in this case the minimum value is —1.25. 

Statistics 


To calculate a linear regression equation 


a. 


ce 


Ss 


Press to access the statistics menu. Press 1 to Edit or enter a new list of 
data. To delete data already in a list, press the up arrow to highlight the list name. 
For instance, to delete data in L1, highlight L1. Then press and [ENTER]. 
Now enter each value of the independent variable in L1. Enter each value of the 
dependent variable in L2. 


When all the data has been entered, press [ ] 4 [ENTER]. The values of the 
slope and y-intercept of the linear regression equation will be displayed on the 
screen. 


. To graph the linear regression equation, modify step b. with these keystrokes: 


STAT] [b>] 4 [>] 1 1 [ENTER]. This will store the regression equation in 
Y1. Now press [GRAPH]. It may be necessary to adjust the viewing window. 


To evaluate the regression equation for a value of x, complete step ec. but do not 


graph the equation. Now press Sa i Ba A [ENTER], where A is 


replaced by the number at which you want to evaluate the expression. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company.-All rights reserved. 





Table of Symbols 
add 
= subtract 
+, X,@6) multiply 
= divide 
() parentheses, a grouping symbol 
[] brackets, a grouping symbol 
ra pi, a number approximately equal to = 
or 3.14 
—a the opposite, or additive inverse, of a 
1 : at ata i 
of the reciprocal, or multiplicative inverse, 
of a 
= is equal to 
~ is approximately equal to 
cad is not equal to 
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is less than 

is less than or equal to 

is greater than 

is greater than or equal to 


an ordered pair whose first component is a 
and whose second component is b 


degree (for angles) 

the principal square root of a 
the empty set 

the absolute value of a 

union of two sets 
intersection of two sets 

is an element of (for sets) 

is not an element of (for sets) 





U.S. Customary System 


Weight Area 
OZ ounces in? | square inches 
Ib pounds ft square feet 


Metric System 


Length Capacity 

in. inches oz fluid ounces 

ft feet c cups 

yd yards qt quarts 

mi miles gal gallons 

Length Capacity 

mm _ millimeter (0.001 m) ml milliliter (0.001 L) 


cm centimeter (0.01 m) cl centiliter (0.01 L) 

dm decimeter (0.1 m) dl deciliter (0.1 L) 

m meter L liter 

dam decameter (10 m) dal _  decaliter (10 L) 

hm hectometer (100 m) hl hectoliter (100 L) 

km _ kilometer (1000 m) kl kiloliter (1000 L) 
Time 

h hours min minutes 


Weight/Mass Area 

mg milligram (0.001 g) cm’ square 
centimeters 

cg  centigram (0.01 g) m’ square meters 

dg  decigram (0.1 g) 

g gram 

dag decagram (10 g) 

hg hectogram (100 g) 

kg kilogram (1000 g) 

S seconds 
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Solutions to You Try It $1 


Solutions to Chapter 1 “You Try It” 


SECTION 1.1 
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You Try It 2 (—2)3(—8)7 = —6(-8)7 
= 48(7) 
Y = 
ou Try It 1 A = {1, 2, 3, < 5, 6} = 336 
a BL ee s * You Trylt3 (-135) + (-9) = 15 
an 72 
The element 5 is greater than —1. oes ae 
You Tryit3 = |—5| = 36 
—|-23] = -23 You Try It 5 Te ae) 
= 
You Try It 4 aol Coal 0) | 
—-0=0 You Try It 6 
nO! =e =8 Strategy 
You Try It 5 |-37| = 37 To find the average daily low temperature: 
lol = 0 e Add the seven temperature readings. 
129] = 29 ° Divide the sum by 7. 
Solution 
Oe mera, 
You Try It 1 100 + (—43) = 57 The average daily low temperature was —4°C. 
You Try It 2 (=S1)F 42 17 (—102) 
=O 17 + (—102) SECTION 1.4 
= 8 + (-102) 
= —94 You Try It 1 0.444 
94.000 5-04 
You Try It 3 19. (=32) = 19-4 32 3.6 
= 51 40 
—36 
You Try It 4 =O — (=(2)--s7 = 4 40 
ae 17) 4) ~36 
= 3 + (-17) + (-4) 4 
= -14+ (-4) 
=e he 1 ips 
You Try It 2 125% = 125) ind oe 
You Try It 5 125% = 125(0.01) = 1.25 
Strategy _ To find the difference between the 
two average temperatures, subtract 2p oy Hedin aro0.(— 1 \ _ 
the smaller number (—130) from the OEE AE ie Le aes (4) feeoi (+) 6 
larger number (—17). 
; kab fe a a) = 900 
OUNIOD Soles sie eg Ps al ella oa You Try It 4 = - = (100%) = 5 % = 56.25% 
The difference is 113°F. ; 
or 567% 
SECTION 1.3 
You Try It 1 8(—9)10 = —72(10) You Try It 5 0.043 = 0.043(100%) = 4.3% 


= —720 








S2 Chapter 1 


You Try It 6 


You Try It 7 


You Try It 8 


You Try It 9 


You Try It 10 


The LCM of 9 and 12 is 36. 
5 fi _ 20° 33720 — 59 


6 {20 36 BouuaG wee 
20+. 33).5 = 138 yt 13 
36 36 36 





The LCM of 8, 6, and 4 is 24. 

hme a iate Bal 20 18 
---l4=s= + 

8 6 4 24 24 24 
=2))| —2() 18 

+ + 

24 24 24 
S21 ak (= 20) 42 ite 








24 
poe Sa 
24 24 


16.4127 — 609! = 16.127 + (— 67.91) 
= Oh eS5 


The product is negative. 
7 9 7:9 


—-—_ X —_ = 
12 14 12+ 14 








NO] GW 
ea 


3 hie 3° THe 
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You Try It 11 


You Try It 12 


Multiply the absolute values. 
The product is negative. 
—5.44 X 3.8 = —20.672 


Divide the absolute values. 
The quotient is negative. 
O23 4 
1,7,)0,3,940 
=34 
54 
=51 
30 
eal, 
13 
—0:394 = 7 = 0,23 


You Try It 13 


Strategy To find the difference between 
projected e-book sales in 2005 and in 
2002, subtract the e-book sales in 
2002 ($.41) from the projected sales 
in 2005 ($2.28). 


Solution 2.28 — 0.41 = 1.87 


The difference in e-book sales 
between the two years is 
$1.87 billion. 


SECTION 1.5 


You Try It 1 —6> = -(6:6- 6) = —216 
You Try It 2 (—3)* = (—3)(—3)(—3)(—3) = 81 


You Try It3_— (3°)(—2)° = (3)(3)(3) - (—2)(—2)(—2) 
= 27(-8) = —216 


2 ~ fb 2\f- 2. 28 
You Try It 4 (-2) -( 2)( 2) 22 55 


You Try It 5 —3(0.3)? = —3(0.3)(0.3)(0.3) 
—0.9(0.3)(0.3) 
= —0.27(0.3) = —0.081 








You Try It 6 (6.97 — 4.72)" -4.5 = 0.05 
= (2,25) 45 = (05 
='5:002) 6 4.0) 0,05 
= 27. 76125 = 0.05 
= 455,025 


You Try It 7 18 — 5/8 + 2@}— 5)] =-16 
= 18 — 5[8 — 2(—3)] + 10 
18 — 5/81 6|-10 


I 


= 18 — 5[14] + 10 
=195 = 70 = Ie 
== Iii 7/ 

= il 


YouTrylt8 36+ (8 — 5) — (-3):2 
= 36 + (3)? — (-3)?-2 
= 36+-9-9-2 
=4-9-2 

4— 18 

—14 


I 
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alread 
Ce 
7% 183, 7 
a Sipe aa Py 
ae td 
a 13 


Solutions to You Try It S3 


ee Solutions to Chapter 2 “You Try It” 


SECTION 2.1 
You Try It 1 —4 is the constant term. 
YouTrylt2 2xy+y¥° 
2(—4)(2) + (2) 

= 2(—4)(2) + 4 

= (—8)(2) + 4 

= (-16) + 4 

=-12 

2 2 

Cone a 





a+b 
Se ee) 25 +9 
Scr (= s) 5-+(—3) 


eet 
2 
= 17 
YouTrylt4 x«-2(«+y)+2 
OP Ge) Ea els 
= 87 - 2(—2) + 9 
=e 4449 
=I 9 
= 21 
SECTION 2.2 
You Try It 1 3a — 2b — 5a + 6b = —2a + 4b 
YouTryilt2 —3y?+7+ 8y?— 14=5y’-7 
You Try It 3 —5(4y*) = —20y? 
You Try It 4 —7(—2a) = 14a 


You Try It 5 (=5x)(=2) =" 10% 

You Try It 6 5(3 + 7b) = 15 + 35b 

You Try It 7 Ga — 15 ="15a.—5 

You Try It 8 —8(—2a + 7b) = 16a — 56b 

You Try It9 3(12x? — x + 8) = 36x” — 3x + 24 


You Try It 10 3(—a? — 6a + 7) = —3a’ — 18a + 21 


You Try It11. 3y — 2(y — 7x) = 3y — 2y + 14x 
=y + 14x 


You Try It 12 
2 ey) (aa Sy) 


De Ay ok Sy 
oe. NY 


You Try It 13 

3y — 2[x — 4(2 — 3y)] = 3y — 2[x — 8 + 12y] 
= 3y — 2x + 16 — 24y 

Ss YE aS) 


I 


SECTION 2.3 
You Try It 1 the difference between twice n and 
one-third of n 

1 


in 30 


the quotient of 7 less than b and 15 
(pean 


15 


You Try It 2 








S4 ~— Chapter 3 


\ 

You Try It3. = the unknown number: n You Try It5 —_ the speed of the older model: s 
the cube of the number: n? the speed of the new jet plane is 
the total of ten and the cube of the twice the speed of the older 
number: 10 + n? model: 2s 
—4(10 + n?) 


You Try It6 the length of the longer piece: y 


the length of the shorter piece: 6 — 
You Try It 4 the unknown number: x a ed ; P y 


the difference between the number 
and sixty: x — 60 


5(x — 60) = 5x — 300 


Solutions to Chapter 3 “You Try It” : 





SECTION 3.1 You Try It 6 P B= A 
1 ones) 
You Try It 1 5 — 4x = 8x +2 aoe pak tare 
1 
6-—-B=6-18 
6 
em I se) B = 108 


4=4 


: 18 is 16 =% of 108. 
Yes, rp is a solution. 


You Try It 7 


Strategy To find the percent, solve the basic 
percent equation using B = 158.3 
million and A = 22.45 million. The 
percent is the unknown. 


Solution vA 
P(158.3) = 22.45 


You Try It 2 10x — x? = 3x — 10 
10(5) — (5)? | 3(5) — 10 
i) = 245 | is =e 
2545 


No, 5 is not a solution. 





You Try It 3 = =y- : P(L5823) - 22.45 
5 3 3 3 158.3 158.3 
Sh HEL cag es P ~ 0.14181933 
Se gee PEt B 
209) The Big Ten conference received 
4.°« 14.2% of the 2000 football bowl 
The solution is = . he 
24 
You Try It 4 -Ex = 6 SECTION 3.2 
( =) ( 2:)=(-3)@ You Try It 1 a ei 
By vce 2 5x+7-7=10-7 
x=-15 5x = 
The solution is —15. S02) 
> 5 
YouTry!t5 4x — 8&= 16 3 
—4x = 16 Soa 
-4x _ 16 
— aa The solution is 2 ‘ 
x= —-4 5 


The solution is —4. 
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You Try It 2 


f 


You Try It 3 


You Try It 4 


You Try it 5 


You Try It 6 
Strategy 


2>= Eiet 3x 
2-11=11- 11+ 3x 

—9 = 3x 

ie ok 

3) ok 

aie at ¢ 


5) 2x ERD 
Sie os 
eh ht 2 Diy 
eos We eo 
Xie 2 
g Gomnke Aue 
3 8 
3 2 345 
-3(~2x) = -3(3) 
bk 
eine 
The solution is — Lee 
16 
Sx 4+3=4 


6) 
Gm 


4x + 18 = 21 
4x lS) ls — 21 — 118 
4x = 
ore) 
A 4 
a 
ad 


; 14 
The solution is a: 


Kb 4 — 25 


Se. = S) =D) 
Bye = 25 + 5 

5x = 30 

5x _ 30 

52 5 

x=6 


The solution is 6. 


Given: S = 986 
r = 45% = 0.45 
Unknown: C 


Solution 


You Try It 7 
Strategy 


Solution 


You Try It 8 
Strategy 


Solution 


SECTION 3.3 


You Try It 1 


Solutions to You Try It $5 


Pye (Car AC 
986 = C + 0.45C 
986 = 1.45C 
680 =C 


The cost of the outboard motor is 
$680. 


Given: S = 159 
r= 25% = 0.25 
Unknown: R 
Seer 
159=R-—0.25R 
159 =0.75R 
212=R 


The regular price of the garage door 
opener is $212. 


Given: P = 45 
Unknown: D 
1 
P=15+=D 
2 
1 
45=15+=D 
5 5 5 
45 —15=15-15+5D 
1 
i 
1 
2(30) = 2 “5D 
COD) 


The depth is 60 ft. 


5x +4=6+4 10x 
5x SOx 416) 10x — 10x 


= Said -s=6 
—5x +4-4=6-4 
— 5g = 2 
S* oy) 
Bi 2S 
ch 
aa tS 


; 4 2 
The solution is ee 





S6 Chapter 3 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 
Strategy 





Solution 


Oye = IMO) Bee es fe) — be 
Vege NOV (6) — Cee 
2x + 4x — 10 =6— 4% + 4% 


6x — 10 =6 
6x - 10+ 10=6 + 10 
6x = 16 
6x 16 
aigaad 
ee: 
ees 


P 3s 
The solution is ai 


5x — 4(3 — 2x) = 2(x% -— 2) + 6 
5x > 12 8x = 6% — 4 +6 
f3se = 127="6x, = 2 
3%. = 6x — 12 = 6x = 6x + 2 


i aD 
5S = DP SD 3? 
7x = 14 
7a 14 
Tawi 
x=2 


The solution is 2. 


218 = 523) = 3x —8 
=2/3% = 10x + 15], = 3x — 8 
=2|>7x- 15) =3x — 8 
14x — 30 = 3x — 8 

14%6— 3% 30 = 3x — 3x4 —'8 


lix — 30=-8 
lix — 30 + 30 = —8 + 30 
ic — 2 
ie 22 
td nett 
x=2 


The solution is 2. 


To find the location of the fulcrum 
when the system balances, replace 
the variables F,, F2, and d in the lever 
system equation by the given values 
and solve for x. 


Fix = F,(d — x) 
45x = 80(25 — x) 
45x = 2000 — 80x 
45x + 80x = 2000 — 80x + 80x 





125x = 2000 

125x _ 2000 

(252125 
x= 16 


The fulcrum is 16 ft from the 
45-pound force. 


SECTION 3.4 


You Try It 1 
The smaller number: 1 
The larger number: 12 — n 


seven less than 
the product of 


The total of 
three times the 


amounts 
smaller number | to 
and six 


four and the 
larger number 





3n + 6 = 4(12 — n) -— 7 
3n + 6 = 48 — 4n —7 
3n + 6=41 -— 4n 

3n + 4n+6=41—-—4n+ 4n 


in + 6 = 41 
1 36.26 =4d = 16 
7n = 35 
it 35 
a 
n=5 


=i — i, 


The smaller number is 5. 
The larger number is 7. 


You Try It 2 
Strategy e First integer: n 
Second integer: n + 1 
Third integer: n + 2 
e The sum of the three integers is —6. 
Solution n+ (+d) +n + 2) = -6 
3n.+ 3 = —6 
3n = —9 
n= -3 
nw+1=-3+ k=-2 
nD SSeS 
The three consecutive integers are 
= 8), , Guaval Il). 
You Try It 3 
Strategy 


To find the number of tickets that you are 

purchasing, write and solve an equation using x to 

represent the number of tickets purchased. 
Solution 


$3.50 plus $17750 "|= 
for each ticket oe $161 
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Solutions to You Try It S7 








3.50 + 17.50x = 161 Solution x + 107° = 180° 
3.50 2850) al 00 = 16 F = 13150 x = 73° 
17.50x« = 157.50 
17.50x 157.50 ate supplement of a 107° angle is a 
17.50 17.50 ania 
OBES) 
You Try It 3 


You are purchasing 9 tickets. 
Strategy The angles labeled are adjacent 


angles of intersecting lines and are 


peau y 4 therefore supplementary angles. To 
Strategy find x, write an equation and solve 
To find the length, write and solve an equation using LOR: 


x to represent the length of the shorter piece and 


Solution x + Bx + 20°) = 180° 
22 — x to represent the length of the longer piece. 


4x + 20° = 180° 











Solution 4x = 160° 
x = 40° 
The length of 4 in. more than twice the 
the longer piece length of the shorter piece You Try It 4 
De ae aA Strategy 2x = y because alternate exterior 
POO et Oy A angles have the same measure. 
Dn 35 te A y + (x + 15°) = 180° because 
DD Ep Poa a MD adjacent angles of intersecting lines 
ee ee are supplementary angles. Substitute 
af =18 2x for y and solve for x. 
=e | Solution y + (a + 15°) = 180° 
x=6 26 (x 15°) = 180° 
3x + 15° = 180° 


22 == 22. 16. = 116 3x = 165° 


The length of the shorter piece is 6 in. x = 55° 
The length of the longer piece is 16 in. 


You Try It 5 
SECTION 3.5 Strategy ° To find the measure of angle a, use 
the fact that Za and Zy are vertical 
You Try It 1 angles. 
Strategy _ To find the length of each side, use ° To find the measure of angle b, use 


the fact that the sum of the 


the formula for the perimeter of a 
measures of the interior angles of a 


square. Substitute 52 for P and solve 


for s. triangle is 180°. 
© To find the measure of angle d, use 
een ee the fact that the sum of an interior 
aa ha and an exterior angle is 180°. 
=S 


Solution Za = Ly =55° 


Za + Zb + 90° = 180° 
55° + 2b + 90° = 180° 
Zb + 145° = 180° 

Lb = 35° 


Zd+ Zb = 180° 
Lil e BS = NG 
Vac 


The length of each side of the patio is 
ist 


You Try It 2 


Strategy To find the supplement, let x 
represent the supplement of a 107° 
angle. Use the fact that supple- 
mentary angles are two angles whose 
sum is 180° to write an equation. 
Solve for x. 
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S8 = Chapter 3 


You Try It 6 
Strategy 


Solution 


SECTION 3.6 


You Try It 1 
Strategy 





Solution 


You Try It 2 
Strategy 


To find the measure of the third 
angle, use the fact that the sum of 
the measures of the interior angles of 
a triangle is 180°. Write an equation 
using x to represent the measure of 
the third angle. Solve the equation 
for x. 


x + 90° + 27° = 180° 
eo igo = 180° 
x = 63° 


The measure of the third angle is 63°. 


e Pounds of $.55 fertilizer: x 


e The sum of the values before mixing 
equals the value after mixing. 


0.80(20) + 0.55x = 0.75(20 + x) 
16> 0.55x% = 15 + 0:75x 


N6e= OFZ 05s 
—0200— 1 
x=5 


5 lb of the $.55 fertilizer must be 
added. 


e Liters of 6% solution: x 





e The sum of the quantities before 
mixing equals the quantity after 
mixing. 


Solution 


You Try It 3 
Strategy 


\ 


0.06x + 5(0.12) = 0.08 + 5) 
0.06x + 0.60 = 0.08x + 0.40 
—0.02x + 0.60 = 0.40 
—0.02x = —0.20 
x= 10 


The pharmacist adds 10 L of the 6% 
solution to the 12% solution to get an 
8% solution. 


e Rate of the first train: r 
Rate of the second train: 27 





Solution 


You Try It 4 


Strategy 


e The sum of the distances traveled 
by the two trains equals 288 mi. 


3r + 3(2r) = 288 


3r + 6r = 288 
Or = 288 
r= 32 


2r = 2(32) = 64 


The first train is traveling at 32 mph. 
The second train is traveling at 
64 mph. 


e Time spent flying out: t 
Time spent flying back: 5 — t 





Solution 


* The distance out equals the 
distance back. 


150¢ = 100(5 — f£) 
150¢ = 500 — 100t 
250t = 500 


t=2 (The time out was 2 h.) 


The distance out = 150tf = 150(2) 
= 300 mi 


The parcel of land was 300 mi away. 
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Solutions to You Try It $9 


eG Solutions to Chapter 4 “You Try It” 


SECTION 4.1 


You Try It 1 

(—4x3 + 2x? — 8) + (4x3 + 6x2 — 7x + 5) 
= (—4x? + 4x3) + (2x? + 6x?) + (—7x) + (-8 + 5) 
= 8x* — 7x — 3 


You Try It 2 6x3 + 2x+ 8 
—9x3 + 2x? — 12x — 8 
—3x° + 2x* — 10x 


You Try It 3 
(—4w? + 8w — 8) — uw? — 4u? — 2w — 1) 
= (—4w? + 8w — 8) 
+ (—3w? + 42 + 2w + 1) 
= —7w® + 4w’? + 10w — 7 


You Try !it4 13y° eee) 
= ayo oye o 
135° = ay? +2 
SECTION 4.2 
You Try It 1 (8m?n)(—3n>) = [8(—3)](m?)(n « n°) 
= —24min® 
You Try It 2 
(12p*q°)(—3p*q’) = [12(—3)(p* - p*)@’ - 9’) 
= —36p'q" 
You Tryit3 (—3a*bc?)? = (—3)!3a* 2b! %c?? 
= (-3)2a2brc 
= —27a"bic® 
You Try It 4 


(—xy)\(—2x3y’°? = (—xy*)[(—2)' 2x? 2y?"7] 
= (—xy")[(—2)*y"] 
= (—xy*)(4x°y*) 
= —4x7,8 


SECTION 4.3 
You Try It 1 (—2y + 3)(—4y) = 8y — 12y 


You Try It 2 
—a2(3a2 + 2a — 7) = —3a* — 2a’ + 7a’ 





You Try It 3 2y? + 2y? — 3 
deen | 
—2y? — 2y’ a 3 

6y4 + by? — 9y 


oy) ay = dy — 9y + 3 











You Try It 4 
(4y — 5)(2y — 3) = 8y*? — 12y — 10y + 15 
= By? — 22y + 15 
You Try It 5 
(3b + 2)(3b - 5) = 9b? — 15b + 6b — 10 
= 9b* — 9b — 10 
You Try It6 (2a + 5c)(2a — 5c) = 4a? — 25c? 
You Try It7 (3x + 2y)? = 9x? + 12xy + 4y? 
You Try It 8 
Strategy To find the area, replace the variable 
r in the equation A = mr by (x — 4) 
and solve for A. 
Solution A=ar 
A= n(x — 4) 
A = w(x? — 8x + 16) 
A= 1x? — 89x + 167 
The area of the circle is 
(ax? — 82x + 167) ft’. 
SECTION 4.4 
You Try It 1 (—2x?)(« 3y~4)7? = (—2x7)(x®y’) 
= —2x*y* 
(6a 2p) 1 iy 6 la?b 3 
You Try It 2 (40b2)2 — 424 H 
— 47(6 'a®b~") 
__ 16a _ 8a! 
Derobuee 3p7 
6rs7> =?) 2s 2 2 
You Try It 3 Ee = 3 | 
_ 2st _ 9st 
G/a3acgs),,¢4 
You Try It 4 0.000000961 = 9.61 x 10°” 
You Try It 5 7.329 X 10° = 7,329,000 
SECTION 4.5 
You Try It 1 
24x?y? — 18xy + by _ 24x*y? _ 18xy Ae? 
6xy 6xy 6xy 6xy 


1 
= —~3+- 
4xy — 3 é 





$10 = Chapter 5 


You Try It 2 x7 + 2x- 1 
Di BOT eh ae ee 
2x? — 3x? 

4x? — 8x 
4x? — 6x 

= De = 3 

= Dye se 3 

—6 

(2x3 + x7 — 8x — 3) + (2x — 3) 

6 

fee a a ae 

ie eat = 3 


oa Solutions to Chapter 5 “You Try It” 


SECTION 5.1 


You Try It1 = The GCF is 7a’. 


14a? — 21a*b = 7a?(2) + 7a*(—3a*b) 


= 7a’(2 — 3a’b) 


You Try It 2 The GCF is 9. 


27b* + 186 + 9 
= 9(3b7) + 9(2b) + 9(1) 
= 9(3b? + 2b + 1) 


You Try It 3 
The GCF is 3x?y?. 


Ory ON ye La 
= 3x*y*(2x7) + 3x*y7(—3x) +-3x7y"(y’) 
= 3x*y*(2x? — 3x + 4y?) 


You Try It 4 DVO 2) — B(2i—" 5%) 
= 2 (5x 92) + 3(5x. 2) 
= (5x — 2)(2)-/3) 


YouTrylt5 a’? — 3a+2ab — 6b 
= (a? — 3a) + (2ab — 6b) 
=a(a — 3) + 2b(a — 3) 
= (a — 3)(a + 2b) 


YouTryIt6 2mn?—n+ 8mn — 4 
= (2mn? — n) + (8mn — 4) 
= n(2mn — 1) + 4(2mn — 1) 
= (2mn — 1)(n + 4) 


\ 


x+ x-1 


x — 1)x? + Ox? — 2x 41 
Sa x? 


You Try It 3 


5 de i 2 

coos 
=k ed 
= eerie 


0 


@=28+1)-G=>]Den sei 


You Try It 7 any = Sy = Tee ax 
= (3xy — 9y) — (12 — 4x) 
= 3y(¢ — 3)i— 46 — x) 
= 3y(x — 3) + 4(x — 3) 
= (x — 3)(3y + 4) 

SECTION 5.2 

You Try It 1 


Find the positive 
factors of 20 
whose sum is 9. 





x? + 9x + 20=(« + 4)(x + 5) 


You Try It 2 
Find the factors 
of —18 whose 
sum is 7. 





a + Te — 18 = Ge 9) 2) 
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agp nemagenl at ows) eae ew aioe mebteatay ity “am To ee eer oe eae 


\* 





Se eT eee eee 





You Try It 3 


The GCF is —2x. 
—2x3 + 14x? — 12% = —2x(x? — 7x + 6) 


_ Factor the trinomial x? — 7x + 6. Find two negative 
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factors of 6 whose sum is —7. 


— Deb 4x? 2x 


ws ae 





=2k(x = 6)\(« —1) 


You Try It 4 
The GCF is 3. 


3x? — Oxy — 12y? = 3(x? — 3xy — 4y’) . 
Factor the trinomial. 


Find the factors 
of —4 whose 
sum is —3. 





3x? — Oxy — 12y? = 3(x + y)(x — 4y) 


SECTION 5.3 


You Try It 1 
Factor the trinomial 2x” — x — 3. 


Factors of —3: +1, —3 
—1, +3 


Ae Se Ne 3) 


Positive 
factors of 2: 1, 2 





You Try It 2 
The GCF is —3y. 


—45y3 + 12y? + 12y = —3y(15y’ — 4y — 4) 
Factor the trinomial 15y* — 4y — 4. 


Positive Factors of —4: 1, —4 
factors of 15: 1, 15 -1, 4 
2, 5 ' ws, —2 


Solutions to You Try It $11 





—45y? + 12y? + 12y = —3y(3y — 2)(5y + 2) 


You Try It 3 





=2a*-a+t+14a-7 

= (2a? — a) + (14a — 7) 
=a(2a — 1) + 7(2a — 1) 
= (2a — 1)(a + 7) 


2a* + 13a — 7 = (2a — 1)(a + 7) 


2a* + 13a —7 


You Try It 4 
The GCF is 5x. 


15x? + 40x? — 80x = 5x(3x? + 8x — 16) 





3x? + 8x — 16 = 3x? — 4x + 12x — 16 
= (3x7 — 4x) + (12x — 16) 
= x(3x — 4) + 4(3x — 4) 
= (3x — 4) + 4) 


15x? + 40x? — 80x = 5x(3x? + 8x — 16) 
= 5x(3x — 4)(x + 4) 


$12 = Chapter 5 


SECTION 5.4 You Try It 3 
You Try It 1 
25a’? — b? = (5a)? — b? = (5a + b)(5a — D) 
You Try It 2 
n* — 81 = (n*)* — 9 = (n? + 9)(n* — 9) 
= (n? + 9)(n + 3)(n — 3) 
You Try It3. Because 16y” = (4y)*, 1 = 17, and 
8y = 2(4y)(1), the trinomial is a You Try It 4 
perfect-square trinomial. 
Strategy 
16y? + 8y + 1 = (4y + 1) 
You Try It4 Because x” = (x)’, 36 = 6’, and 
15x ~ 2(x)(6), the trinomial is not a 
perfect-square trinomial. Try to fac- 
tor the trinomial by another method. Salution 
x? + 15x + 36 = @ + 3)@ + 12) 
YouTrylt5 (x?-—6x+9)-y’ 
eh oe bees 
= gear a eo) 
You Try It 6 The GCF is 3x. 
124° de = 3x(4e%—25) 
=i3x(2%.+-5)(2x — 5) 
You Try It 7 
Factor by grouping. 
a’b — Ta* —b + 7 = (av’b — Ta’) — (b — 7) 
=a’*(b — 7) — (6 —7) 
= (b - 7a = 1) 
= (b — 7)@ + 1)(a - 1) 
You Try It 5 
You Try It 8 
Strat 
The GCF is 4x. Ped, 
4x? + 28x? — 120x = 4x(x? + 7x — 30) 
= 4x(x + 10) — 3) 
SECTION 5.5 Solution 
You Try It 1 268 7) = 0 
2x = 0 jee =O 
x=0 Xe 


The solutions are 0 and —7. 


You Try It 2 4x7 -9=0 
(2% = 3) (20+ 3) = 0 
2x —3 =0 ernie) —\0) 
2x =3 2x = —-3 
ie ee 
Sune? vm 2 


5 3 
The solutions are 5 and 3 ; 


\ 
(oF 2) an 
x? — 5x -14=52 
x? — 5x — 66 =0 
GH O)G = 11) =0 
x+6=0 pe NY) 
x=-6 x=11 


The solutions are —6 and 11. 


First consecutive positive integer: 1 
Second consecutive positive integer: 
(aes 


The sum of the squares of the two 

consecutive positive integers is 61. 
n?>+(n+ 1)? = 61 
nwrn? +2n +1 = 61 
2n?+2n+1=61 
2n? + 2n — 60 =0 
2(n? +n — 30) =0 
2(n. — 5)\G + 6) = 0 


n—-5=0 n+6=0 
n=5 n=—6 


Because —6 is not a positive integer, 
it is not a solution. 


n=5 
He le —6 


The two integers are 5 and 6. 


Width = x 
Length = 2x + 4 


The area of the rectangle is 96 in’. 
Use the equation A = L - W. 


A=L:-W 
96 = (2x + 4)x 
96 = 2x? + 4x 


0 = 2x? + 4x — 96 

O = 2(x* + 2x — 48) 

O = 2(x + 8) — 6) 
x +8 = 0 x-6=0 

x=-8 =6 

Because the width cannot be a 
negative number, —8 is nota 
solution. 
x=6 
2x +4=2(6)+4=12+4=16 


The length is 16 in. The width is 6 in. 
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Solutions to You Try It $13 


| Solutions to Chapter 6 “You Try It” | 


SECTION 6.1 
You Try It 1 


1 1 
OV a2 Bey aad 
Way 2 2 2B tye Dy? 
1 1 





You Try It 2 


=f 
x? +2x—-24 (x —A\(x + 6) Tee 
16> x? (4--x)(4 + x) x+4 

1 





You Try It 3 


1 

Meets eateed Due Ae) (004-6) LG 

R= 308 2 ~ (x =A) 2h ox = 1 
1 








You Try It 4 
12x? + 3x ota 
106— 15. 9x +4 18 


3x(4x + 1) peas a5) 

2x 3) 9 +2) 

= GEN) 2 20s —3) 

be 5Qx—3) - B- 3(x + 2) 
1 1 











» 4x(4e 4 1) 
~~ 15(% + 2) 
You Try It 5 
x>+2x-—15 x? — 3x - 18 
9 — x? 2 
Mare 4 5) (ae + BG 0) 
~— 3 -—x)\3+x) (« - 1)(x - 6) 


_ Sie +5) tej + 5 
| BB+) - & ~ Ye —6) fae 
i 1 





You Try It 6 
a a On 


Wee =e Shoah Abe ben a 


1 1 
OT ere are 
~ UWcQe—b)-a 2c 

1 1 


6bc — 3b? 





You Try It 7 
3x + 26x16 2x? + 92 5 
3h Ie 6 Ee 1S 


eS 26K Om ee 15 
3x7 =Tx-6 2x27 + 9% —5 





a Be t+Dle + 8) - e+ S53) aS 
Get 2)le—3) - (2x — +S} 2x = 1 








SECTION 6.2 

You Try It 1 

Suv? = 2-2-2 uly v 

1l2uw =2-2-3-u-w 

LCM =2:-2-:2-3:-u-v:-v-w= 24uv’*w 
YouTrylt2 mm? —6m+9=(m — 3)(m — 3) 


m — 2m —3 =(m + 1)(m — 3) 


LCM = (m — 3)(m — 3)(m + 1) 























You TryIt3. The LCM is 36xy’z. 
= 3 BE Sie = Diz 
Axy? Axy? 9z 36xy2z 
Jeu Li 2d Ae 8x? + 4x 
9y?z Oy?z 4x 36xy*z 
You Try It 4__ 
The LCM is (« + 2)@ — 5)@ + 5). 
9 ae Sra: oe 5 
x -—3x%-10 @+2)%-—5) «+5 
< x? + 9x + 20 
(x + 2)(x — 5)(x + 5) 
DOE 2x * Dix on 2 
25 -—x? (x? — 25) (x — 5)(«+5) x+2 


2x? + 4x 
Gat 2G. = SVG +5) 











$14 Chapter 6 


SECTION 6.3 


You Try It 1 
age: 7x + 4 
ee 
Lak Sie A Sexes 
3 = = 12 ap SE 12 


Owe 
(x 4+3e—aA «+3 
1 





You Try It 2 
a= 1 2x +1 x 
Gee ID bee eS Be le, 8 a 
ae al a2 eats Weds ite ca bas 2x 
x? — 8x +12 x? = Bx + 12 





1 
ee («+ D@—2) x+1 
x*>-—-8x+12 Ww —-2(x-6) x-6 


1 





You Try It 3 
The LCM of the denominators is 24y. 


ah Lewone “oeroat Oe, 10) 





























Say 4 hey 6 jyakee ay 6 
dk SexeblB2c yy 30g 
24y 24y 24y 
ne Oe aT BUF 
24y 24y 
You Try It 4 2 = (ie) 
3 = 
Theref —— = ; 
erefore, 5 a 
The LCM is x — 2. 
5x Sey 2% = 
G6 2 ph De = = 
PSK) ok 3 
i = je =P 
You Try It 5 
The LCM is (3x — 1)(@ + 4). 
4x a 9 ets gaat 9 13% 
Sve il ae at eee il ese Al ee ae vl ee 
4x? + 16x 27x — 9 





Bx =De+4) Bx — De +4) 
G0) (2 ae) 
+ (3x — 1)(x + 4) 
Beaker lO = 210 o 
Bx — Dix + 4) 
Ax? — 11x +9 
~— Bx — De +4) 






























































\ 
You Try It 6 The VONM@MIs <7 — 5. 
1 6 he 1 
Sane Ci mele Ee Nae Se 
pe rae (5) 1 
Se we ae 
Cie Og 
ere 
S28 Sal 
x= 3 
You Try It 7 
20 epee 
5-x «x-5 
The LCM is (& + 5)@ — 5). 
ie ae So Dh oe ae | CS meee 
= 25 S—-x 1s Die 5 
e Le ome | r =2\ Xie 
(cP) G Be — Sree SS 
2 2y— 1 =2i >) 
~ (@ + 5)@— 5) (« + 5)(x — 5) 
ae Le) 
(«+ 5)\@—5) 
Bg oe 
i.) 
.* =i 
~ (x + 5)(x — 5) 
nt ‘ig 
(e+ 5)@ — 5) 
You Try It 8 
The LGM is (3x 2)al). 
2x8 5 1 
3 2 SD” 4p 
= 2S " 5) x= 
Gx + 2)66= 1). 13% + 2 od 
1 3x +2 
#1. Bee? 
» 2 3 ot = 5 
(3x + 2)@ 4) Bx + De 


_ See se 2 

(3x + 2)(x — 1) 
. (263) 4 bk = 5) 2) 
ca (3x + 2)(x — 1) 
DN ee ey a orgie) by ae 
Gxt 2G@—1 
_ 4x — 10 PA ORES) 
(3x + 2)@-1) (Gx + 2)@ — 1) 
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SECTION 6.4 
You Try It 1 
The LCM of 3, x, 9, and x? is 9x2. 
0. Meme el lee Sores Cae 
CN oe 3 
[a eee Oxo rear a 
C8 ae Cees 
1 
_ Ba? 108 le Sx ie —3y ae 13% 
c= 9 WAS Gs) 8 eS 
1 
You Try It 2 
The LCM of x and x? is x’. 
4 3 4 3 
+—+— +--+ 
} a Za SB heres Ke 
LOF P21 102 
te 1 ees LF ag 
GX Kae 


4 S) 
Ua ee ie eae ee oa 
x x 


yy 
oe ee eae 
x x 
1 
x? + 4x +3 (x + 1)(e-+-3) 








x>+ 10x +21 (%+3)(x + 7) 
1 




















You Try It 3 
The LCM is x — 5. 
20 20 
SS ee ee 
+8+ f Spite race SATs” 
“i = 5 i B= 5 
20 
(Zag) ed) as 5) 
e 30 
Gao) — 2 (Ge = 5) 
B= 5 


eee Ne 0). Ar = 2k = 35 


42+ 3x —-40+30 x2 + 3x — 10 


BR asia Tse 7 
— & —2)G43) x -2 





Solutions to You Try It $15 











SECTION 6.5 
You Try It 1 
ulin Tt heT OM: 6 
Seo ae e IS x 4 6): 
1 
xie-+%6) Bis x(x + 6) 3 
1 x+6 1 x 
1 
x? = (x + 6)3 
x? = 3x +18 


x? — 3x -18=0 
(+23) @ = 6): —=0 
x+3=0 
sy = 3) 


it OU) 

x=6 
Both —3 and 6 check as solutions. 
The solutions are —3 and 6. 


You Try It 2 
Sie ih 10 
ie te 2 6 oe 2 


(x +2) 5x S42 10 
ps 
x+2 





The LCM is x + 2. 











1 1 Wien 
1 1 

a+ 2 Spe pe ee 10 
1 Ka J 1 Seg 


1 1 


5x = (x + 2)3 — 10 
5x = 3x + 6-10 


5x = 3x — 4 
Di 
x=-2 


—2 does not check as a solution. 
The equation has no solution. 


SECTION 6.6 


You Try It 1 
da 2 56 
x+3 5e+5 

(soe lees) 2 (+ 3)(5% + 5) 6 


1 eas 1 5x +5 


1 1 
G+ 3)(Sx + 5) D _ & + 3)Ge+5)- 6 
] SEAS i Swe 5) 
1 1 
(Si 455) 2-16 = 3)6 
10x. + 10 = 6x + 18 











4x + 10= 18 
4x = 8 
x=2 


The solution is 2. 








S16 — Chapter 6 


You Try It 2 


Strategy — To find the total area that 256 
ceramic tiles will cover, write and 
solve a proportion using x to 
represent the number of square feet 


that 256 tiles will cover. 


ce a 
16 256 


9 5G 
256(2) = 286(5) 


144 =x 


Solution 


A 144-square-foot area can be tiled 
using 256 ceramic tiles. 


You Try It 3 


Strategy To find the area of triangle AOB: 

e Solve a proportion to find the 
length of AO (the height of triangle 
AOB). 

e Use the formula for the area of a 
triangle. AB is the base and AO is 


the height. 


CD _ DO 
AB AO 
eae 
10 AO 


Solution 


4 3 
Oye ae 


4(AO) = 30 
AO.= 7.5 
1 
A= 5 oh 
ae (VOWETES) 
5 : 


Rt MES 


The area of triangle AOB is 37.5 cm’. 


SECTION 6.7 


You Try It 1 5x — 2y = 10 
ak == 2y= 50 0 
=e aye ar KO, 


a) fen Oe LO 


<e e 
5 


eee 2 














\ 
AE 
You Try It 2 S= ) 
Ateuls 
2-5 =2( 5 
2s=A+L 
2s — AS A= Aa L 
2s -A=L 
You Try It 3 S=a+(n- 1d 
S=at+nd-d 
S'—a=a —a tnd —d 
S-—a=nd-d 
S=¢+¢d=7d da 
S—atd=nd 
See ee ie 
d d 
S Sia tas 
fel 
You Try It 4 S=rS+C 
SS aS to ee 
S=— 7s = 
(1 -nS=C 
(1:97)S, 5) (é 
1 eer har 
G 
oe 
SECTION 6.8 
You Try It 1 
Strategy _° Time for one printer to complete 


the job: t 





e The sum of the parts of the task 
completed must equal 1. 


Solution Pie 
t t 
2 
(2+2)01 
if t 
Baie > jk 
(a= 


Working alone, one printer takes 7 h 
to print the payroll. 
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You Try It 2 


Strategy —_* Rate sailing across the lake: r 
Rate sailing back: 3r 





° The total time for the trip was 2 h. 


Solutions to You Try It $17 


Solution —+—=2 


3/(§ + $) = 3r(2) 
ip SH 


6 
3r2 + 3r S = 6 


3r 
18+6=6r 

24 = 6r 

A= 7 


The rate across the lake was 4 km/h. 


e Solutions to Chapter 7 “You Try It” 


SECTION 7.1 


You Try It 1 





You Try It 2 A(4, —2), B(-2, 4). 
The abscissa of D is 0. 
The ordinate OG is 0: 





You Try It 3 ie oy = Fl4 
es a)e ie — 14 
=a DE ae! 
—-14=—-14 
Yes, (—2, 4) is a solution of 
hie oy At 
You Try It 4 
You Try It 5 


{(145, 140), (140, 125), (150, 130), (165, 150), (140, 130), (165, 160)} 


No, the relation is not a function. The two ordered 
pairs (140, 125) and (140, 130) have the same first 
coordinate but different second coordinates. 


You Try !It6 = Determine the ordered pairs defined 
by the equation. Replace x in 


y= se + 1 by the given values and 
solve for y. {(=4, —1), (0, 1), (2, 2)} 
Yes, y is a function of x. 


You Try It 7 A(x) = meus 








x—4 
8 
OS oes 
8 
H(8) = rics 2 
SECTION 7.2 
You Try It 1 
You Try It 2 
You Try It 3 








$18 Chapter 7 
You Try It 4 5x — 2y = 10 
—2y = —5x + 10 
5 
y= 5% =) 





























You Try It 5 x- 3y=9 
sas) inca, tans aad 
1 
= 3 
You Try It 6 
You Try It 7 : 
2 rug 
You Try It 8 


Distance (in miles) 


d = “ 





Time (in hours) 


The ordered pair 
(3, 120) means that 
in 3 h the car will 
travel 120 mi. 


SECTION 7.3 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 


You Try It 6 





\ 
x-intercept: y-intercept: 
y=2x-4 (0, b) 
0 = 2x - 4 b=-4 
—2x = —4 (0, —4) 
x=2 
(2, 0) 
=4 1-2 10 
Let P; = (1, 4) and P; = (—3, 8). 


Sonne ot ad 4 


= t= = -1 


Xz Xj So 





The slopeis;— 17 


Let P; = (—1, 2) and P2 = (4, 2). 


yj el eet at 
Bie a, MME PE Te Ye ahs 





=0 
The slope is 0. 

8650 — 6100 2550 
ie Se 


jp = 4! =3 
m = —850 





A slope of —850 means that the value 
of the car is decreasing at a rate of 
$850 per year. 


y-intercept = (0, b) = (0, —1) 





Solve the equation for y. 


x-2y=4 
—2y=-x+4 

1 
i 7) 


2 
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Solutions to You Try It S19 








y-intercept = (0, b) = (0, —2) You Try It 3 Find the slope of the line between the 
pee: : g two points. 
pepe ais PY ae) ae 
XD i we — ite) 9 
Use the point-slope formula. 
ye yr= me = x1) 
2 
= —] == Sees 
SECTION 7.4 a care a) 
Werte 
You Try It1_— Because the slope and y-intercept 3 ee 
are known, use the slope-intercept 2 1 
oe SY dee le tem 
formula, y = mx + b. 9 3 
y=mx+b 
5 You Try It 4 
Yaar: + 2 The slope of the line 


means that the grade 
on the history test in- 
creases 8.3 points for 
each 1-point increase 
in the grade on the 


3 
You Trylt2 m= a (x1, 1) = (4, —2) 


History score 


oie ci) 








: Reet es 
Dia oe) aa Ai (x — 4) ee ee reading test. 
3 
De me ie 
3 
Laas F 


The equation of the line is y = ox a: 





Solutions to Chapter 8 “You Try It” 











SECTION 8.1 You Try It 3 
You Try It 1 

2 yO BK SY ==) 
eee 2)) 1S (Sse a) =5) 

=2 5° WO Ie iC) a) 

8=8 ~5=-5 
The lines are parallel. The system 
Yes, (—1, —2) is a solution of the system of of equations is inconsistent and 
equations. therefore does not have a solution. 
SECTION 8.2 

You Try It 2 


You Try It 1 (1) 7x —y=4 
Q), 3% + 2y.=9 


Solve Equation (1) for y. 





ix-y=4 
SVs tb 4 
The solution is (—3, 2). y=7x —4 





$20 Chapter 8 


x 
Substitute in Equation (2). Solution 
Deets rete ssiy (1) x+y = 330,000 
L5G See 2) 0.065x = 0.045 
3x + 2(7x — 4) =9 2) ‘ ? 
3x + 14x —-8=9 Solve Equation (2) for y. 
17x —-8=9 13 
17x = 17 (3) y= "Se 
x=1 
Substitute in Equation (1). Replace y by ox in Equation (1) and solve for x. 
Le Shas x + y = 330,000 
71) -yvy=4 13 
7-y=4 cause Ngeti ALON 
Sas 22 
y=3 O° = 330,000 
The solution is (1, 3). x = 135,000 
Replace x by 135,000 in Equation (3) and solve 
You Try It 2 (1) 3x-y=4 fory. 
2 =3x+2 
(2) y 2B 
3x —-y =4 be 
3x (3x oa 2) = 4 13 
3%: = 34.-— 2 = 4 = 9 (135,000) = 195,000 
-2=4 


no $135,000 should be invested at 6.5% and $195,000 
This is not a HBUS equa Ou. The should be invested at 4.5%. 
system of equations is inconsistent 


and therefore does not have a 


lution. 

nee SECTION 8.3 
You Try It 3 (1) ye al You Try It 1 Qu eae 
Cie core, 3) = 3 (2) 2x+4y=0 

DI LT Eliminate y. 
66 + ol—24 > Ly) = 3 
6x — 6x +3 =3 23+ 2y is 22Tk 

3=3 2x + 4y =0 
The system of equations is 2x — 4y = 2 
dependent. The solutions are the 2x + 4y=0 


ordered pairs that satisfy the Add the equations. 
equation y = —2x + 1. 


4x = 2 
1: 
You Try It 4 4 > 


Strategy e Amount invested at 6.5%: x 
Amount invested at 4.5%: y 


Replace x in Equation (2). 


1 
2(—] + 4y = 
(5) 4y =0 





1+4y=0 
4y = -1 
1 
e The sum of the two investments is ee 4 
$330,000: x + y = 330,000. 
The interest earned at 6.5% equals The solution is (3 ; -4), 
the interest earned at 4.5%: sat 


0.065x = 0.045y 
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You Try It 2 


You Try It 3 


SECTION 8.4 


You Try It 1 


Strategy 





(1) ayy 
(2) -4x + 6y = -8 


Eliminate y. 
22x —.3y) = 2 24 

—4x + 6y = -8 

4x — by = 8 
—4x + by = —8 

Add the equations. 

Ox + Ov = 0 

0=0 


The system of equations is 
dependent. The solutions are the 
ordered pairs that satisfy the 
equation 2x — 3y = 4. 


(1) 4x +5y=11 
(2) 3y =x + 10 


Write equation (2) in the form 
Ax + By =C. 


3y =x +10 
—x + 3y = 10 
Eliminate x. 
4x + 5y = 11 
4(—x + 3y) =4- 10 
4x +5y=11 
—4x + 12y = 40 
Add the equations. 
17y =51 
y=3 
Replace y in Equation (1). 
4x + 5y = 11 
4x+5:-3=11 
4x +15=11 
4x = —4 
ipa | 


The solution is (—1, 3). 


e Rate of the current: c 
Rate of the canoeist in calm 
water: r 


Solutions to You Try It $21 


° The distance traveled with the 
current is 15 mi. 
The distance traveled against the 
current is 15 mi. 


Solution 
Spee) = 15 53 toy= Fe 15 
a Cele} am eta As eal: 
5 5 
r+c= 
r-c= 
2r = 
= 4 
fap te =) 
4+e=5 
c=1 


The rate of the current is 1 mph. 
The rate of the canoeist in calm water is 4 mph. 


You Try It 2 
Strategy 


° Cost of an orange tree: x 
Cost of a grapefruit tree: y 
First purchase: 





Second purchase: 





e The total of the first purchase was 
$290. 
The total of the second purchase 
was $330. 


Solution 
25x + 20y = 290 
20x + 30y = 330 


4(25x + 20y) = 4 - 290 
—5(20x + 30y) = —5 - 330 


100x + 80y = 1160 
—100x — 150y = —1650 
—70y = —490 
y=7 
25x + 20y = 290 
25x + 20(7) = 290 
25x + 140 = 290 
25x = 150 
x=6 


The cost of an orange tree is $6. 
The cost of a grapefruit tree is $7. 





$22 Chapter 9 


oS Solutions to Chapter 9 “You Try It” 


SECTION 9.1 


You Try It 1 


You Try It 2 


You Try It 3 


You Try It 4 


You Try It 5 


You Try It 6 


You Try It 7 


You Try It 8 


You Try It 9 


You Try tt 10 


You Try It 11 


SECTION 9.2 


You Try It 1 


You Try It 2 


Agee (O57 5) Bc Ih 
Ag= 413, 5s iccun 
A Ola} = {-2, =I. 0, 12; 3, 4} 


CM D = {10, 16} 

ANB=@ 

{x |x < 59, x € positive even integers} 
{x |x > —3, x € real numbers} 


The solution set is the numbers 
greater than —2. 


SAS 2 Oil 3) 4 


The solution set is the numbers 
greater than —1 and the numbers less 
than -—3. 


Saag yi Wy i Deh eh 
The solution set is the real numbers. 


=o —4= 3-21 0) 23 4 5 


The solution set is the numbers less 
than or equal to 4 and greater than 
or equal to —4. 


—5-4-3-2-1 0 1-2 3° 4 5 


ge ap KS 
Bap BS hE == 2h 
a4 


=O 4a al (Ol 2 93: EAS 


5x +3>4*4+5 
5x —-4*4 + 3 >4% -4*44+5 


ge5~ 6) 3 5 
go 4 B= BSS =— 3B 
So 


You Try It 3 


You Try It 4 


You Try It 5 
Strategy 


Solution 


SECTION 9.3 


You Try It 1 


You Try It 2 


You Try It 3 
Strategy 


\ 


—3y > 9 

= Sue cae 

a8) =s 
Ko =) 


Egliy Selo aig th ke aus s 


3 
at ao” 
4 (x3 4 
paige A re 1 
+( =x] ee 
x= -24 


To find the selling prices, write and 
solve an inequality using p to 
represent the possible selling prices. 


0.70p > 314 
p > 448.571 


The dealer will make a profit if the 
selling price is greater than or equal 
to $448.58. 


5-4*>9- 8x 
5 -—4*+ 8x > 9 — 8x + 8x 
So ee 9 
SSA ee 
4x > 4 
4x _ 4 
—_>- 
4 4 
opel 
8 —4(seet 5S) 6 — 8) 

8 126 — 22036 — 48 
SP ee Sone 203 
SP = One Sys —“fopg — 2A 
=I) Micke SS SHAS 
= 12 ee 

<= 





ikke = = SG 

OC oO 

= 

—18 = iikts 
22D 


To find the maximum number of 

miles: 

e Write an expression for the cost of 
each car, using x to represent the 
number of miles driven during the 
week. 

° Write and solve an inequality. 
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Solution 
Cost of a is cost of a 
Company A | less Company B 
car than’ _| ‘car 





8(7) + 0.10x < 10(7) + 0.08x 
56 + 0.10x < 70 + 0.08x 
56 + 0.10x — 0.08x < 70 + 0.08x — 0.08x 
56+ 0.02%-= 70 
po — 50 + 0.02% 70 — 56 
0.02414 
0.02x 14 
a, a 
0.02 0.02 
x < 700 





The maximum number of miles is 699. 


SECTION 9.4 
You Try It 1 KV 
Kae SY eet) 
Oven =X aD 
=O ae et 
= > —_ 





Solutions to You Try It $23 


You Try It 2 2 = Ayes § 

2h 2k AY = S 
—Ayles  2re S 
med s2vars 
—4 —4 


1 
iene 






You Try It 3 5 KB} 


oe Solutions to Chapter 10 “You Try It” 


SECTION 10.1 


You Try It 1 
—5V32 = -5V16 -2 = -5V16V2 
= —5-4V2 = -20V2 

You Try It 2 
V216 = V36-6 

= V 366 — 66 
You Try It 3 Vyl9 = Vy -y = VyBV/y = yyV/y 
You Try It 4 V45b7 = V9b¢ - 5b 


= V9bV5b = 3b>V5b 


You Try It 5 
3aV 28a°b!8 = 3aV 4a®b'3(7a) 
= 3aV 4a®b8V 7a 
== 34 2a'b V la=.6a°D W 7a 
You Try It 6 
V25(@ + 3) = 5fa@ + 3) 
=5a+ 15 
You Try It 7 Vx? = 14 $ 49 = Vet raext7 





S24 Chapter 10 


SECTION 10.2 


You Try It 1 9V3 + 3V3 — 18V3 = -6V3 
You Try It 2 
2N/50 =15V32.= 2V25V2 —5V16V2 
=2 51/2 =5 4/2 
= 10V2 — 20V2 
= -10V2 
You Try It 3 
WN ey = dV 63y? 


=yV4- Ty ae TV 9y2 + Ty 
= yVAV 5 + IV99V TD 
=y- 2V Ty + We 3yV Ty 
= 2yV7y + 21yV Ty 

= 23yV Ty 


You Try It 4 


2V27a5 — 4aV12a3 + a2V75a 
= 2V9a4 - 3a — 4aV 4a? - 3a + a?V25 - 3a 
= 2V9a‘V3a - 4aV4a2V3a 
+ @V/25V3a 
3a — 4a - 2aV3a + a? + 5V 3a 
= 6a’V/3a — 8a?V3a + 5a?V 3a = 3a?V 3a 


== 2 « 3a? 








SECTION 10.3 
You Try It 1 V5aV 15a3b*V 20b> 
= V1500a*b? = V 100a4b8 - 15b 
= V 100a*b® - V15b 
= 10a*b*V15b 
You Try It 2 
V5x(V5x — V25y) 
=e \/ 2K? = W125 xy 
= 2542 —= V25 > Sxy = 25%? — V 25V ny 
= 5x — 5V Say 
YouTry!lt3 = (2Vx + 7)(22Vx - 7) =4(Vx)y? - 7 


You Try It 4 


= 4x — 49 


(3Vx — Vy)SVx - 2Vy) 
SV) —6V 20 DV ayy 2(V/y 


15(Vx)? — 11Vxy + AVP 


= 15%.— 11V ay 2y 


You Try It 5 











You Try It 6 
WS V3 VEE N/6 


V3-V6 V3-V6 V3+V6 
BV IS sage 








3-6 —3 
+ 
ald ee) at He 8/2) 
wah 
You-_Try It 7 
5+Vy  SHVy 14+ 2Vy 


1 =2/pn 1 two ey 
_ 5 + 10Vy + Vy + 2(Vy/ 





1 — 4y 
_ 5 + livy +2y 
1 — 4y 
SECTION 10.4 
You Try It 1 V4x + 3=7 
V4x = 4 
(V 4x ae 
4x = 16 
x=4 
Check: V44n-3 =7 
V4°-4+3 1) 7 
NW FOS. aah 
Co a al al 
7=7 
The solution is 4. 
You Try It 2 
Vx t+ Vx4+9=9 
Vx=9-Vx +9 


(Vx =(9- Vx +9) 
x = 81— 18Vx+9+ (x + 9) 


= 90 = ON/ Yo 
mee tee 
3 = (Vx 49) 
20) = tae 


16=x 
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Check: Vx+Vx+9=9 






V16 VIO GEO | 9 
V16+ 725 | 9 
Aaa S26 

9=9 


The solution is 16. 


You Try It 3 
Strategy To find the distance, use the 
Pythagorean Theorem. The 
hypotenuse is the length of the 
ladder. One leg is the distance from 
the bottom of the ladder to the base 
of the building. The distance along 
the building from the ground to the 
top of the ladder is the unknown leg. 
Solution a’? =Vc? — b? 
- Ver oF 
a ea 
=V55 
~ 7.42 


The distance is approximately 7.42 ft. 


Solutions to You Try It $25 


You Try It 4 
Strategy To find the length of the pendulum, 
replace T in the equation with the 
given value and solve for L. 
: IL, 
Solution T=2 = 
UNIS 
Ik; 
2.5 = 2(3. — 
(3.14) 35 
IL, 
2.5 = 6.2 eal 
‘ 32 
Di Salh wdi 
6.28 32 
2 \7i (Sie 
6.28 32 
e255 i 
39.4384 32 
6.25 IG 
aa( $25.) = aa( 4) 
200 
39,4384 
5.07 = L 


The length of the pendulum is 
approximately 5.07 ft. 


oe Solutions to Chapter 11 “You Try It” 


SECTION 11.1 


3y? 1 
= +y-== 
You Try It 1 ptr 5 0 
3y? if 
Sy ee | = 200 
(3 y ;] (0) 


3y° + 2y —1=0 
(By lige.) = 0 


Vel = 0 y+1=0 

3y = 1 y=-1 
Pl 
oe) 


; 1 
The solutions are & and —1. 


YouTryilt2 «7+ 81=0 
x? =-81 
Ve =V=8I 
\/—81 is not a real number. 
The equation has no real number 
solution. 
You Try It 3 7(zZ +2)? =21 
C= 
Vz + 22 = V3 
z+2=+V3 
z=-2+V3 
The solutions are —2 + V3 and 
-2- V3. 





S26 ~— Chapter 11 


SECTION 11.2 


You Try It 1 

3x? — 6x -2=0 

3° = 6x = 2 

1 1 
3 Gx — 6x) = 32 

D 

=) Ss 

G Be 3 


Complete the square. 


2 
ase og 





5 
=) 
G1) 3 
Vea 4/2 
pe Oa Nea 
EX 35 | ——3 
eed Pell (se) 
3 3 
V15 V15 
x=i1+— i 
3 3 
Ee vel Mia LS 
3 3 
The solutions are aa ot and sles oS : 


YouTrylt2 x«?+6x+12=0 


x? + 6x = —-12 
x + 6x +9=-12+9 
Gro) = 3 
Vet 3p =V-3 


VV —3 is not a real number. 


The quadratic equation has no real 


number solution. 


You Try It 3 


2 


eee se il 0 
ny aes 
8 


(F+x+1)=80 


x? + 8x + 8=0 
x? + 8x = -8 
x? + 8x + 16= -8 + 16 
(«+ 4/’=8 
Vix + 42 = V8 
x+t4=+V8=+2V2 

















\ 
xt4>2V2 x+4=-2V2 
x=-44+2V2 x=—-4-2V2 
~ —4 + 2(1.414) pal — 21/414) 
= —4 + 2.828 zz = 2 O20 
|| NZ = —6,828 
The solutions are approximately — 1.172 and 
SOLO On 
SECTION 11.3 
You Try It 1 3x7 ++ 4x -4=0 
a=3,b=4,c=—4 
od ALS MG eC) 
URES: 
_ -4+ V16 + 48 
6 
_-4+V64_ -4+8 
6 6 
eat t8 oes 
6 6 
42 2 = 1/73 
=-=- =—“=-2 
on 3 6 
The solutions are = and —2. 
ne ee 
You Try It 2 ee 
ou Iry It 4 5 4 
Cates os 1 
EN pa ay P| 
+ 2x =1 
x*7+2x-1=0 
a=1,b=2,c=-1 
OE VOF=4AMED 
2 =I 
_-22V444 -24V8 
2 2 
—-2+2vV2 
= = 12 


The solutions are —1 + V2 and 
-1- v2. 


SECTION 11.4 


You Try It 1 
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You Try It 2 


To find the x-intercept, let f(x) = 0 
and solve for x. 


f(x) =x? — 6x +9 
0O=x? —-6x +9 
0 = (« — 3)( — 3) 
x-3=0 = 3 =0: 
x=3 x=3 


The x-intercept is (3, 0). 


Note from the graph that there is 
only one x-intercept. The equation 
has a double root. 


To find the y-intercept, evaluate the 
function at x = 0. 


{Q)=x< = 6k +9 
f(0)—= 02610) +9 = 9 


The y-intercept is (0, 9). 





Solutions to You Try It S27 


SECTION 11.5 


You Try It 1 
Strategy 


Solution 


® This is a geometry problem. 
e Width of the rectangle: W 
Length of the rectangle: W + 2 
° Use the equation A = L: W. 
A=L:-W 
15=(W+ 2)W 
15=W’?+2W 
0O=W?+2W- 15 
0 = (W + 5)(W — 3) 


W+5=0 
W=-5 


Ves 0) 
Wes 


The solution —5 is not possible. 
The width is 3 m. 





Ax i Vil tor “ol ddanuine tH 








ihe hn SPL WHT ISIe 
Vie fi Y 
tea Pit wit way ‘¢ "4 
\ td * < , 6 ® 2h ). 2 
hi yaldgr) rush # ai ait , yosmHe ae | 
a ‘sigamrs reo? lo cihiw 
; hay 2 + AM) slgeatgsy orf 26 witgiad - Ceara rat 
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ial ee] MS bh = ~ Tejas GAT 3 SSO aA 7 


SOE WHEW) S| ae ol ofr), mae 
‘. =“ - ow » >PeW ot 4 wos my rele “Srltfin 
eee te = slat 

adi Fons P= tevigioe ofl ietoa Sesaea 

or aia - ies we E Ot hina w etl ~— ’ vevy Wg UN 
2 es 120) Eee 
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: 
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—— 





hs 
Dae 
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Answers to Odd-Numbered Exercises Al 


@ Answers to Chapter 1 Odd-Numbered Exercises 


PREP TEST 


e276 Zao ly 3. 4517 4. 11,396 5. 24 6. 24 7. 4 GES) 7 9. 10. d 


UN 


SECTION 1.1 


ee Oo 12-1 7642 19-9. 0S =31 089 11. 53 > —46. 13. false 15. true 17... false 

19. true 21. true 235 HDR SrA SHO St 25. {1, 2, 3, 4, 5, 6, 7, 8} 21a 1—6, =>) —4, =3 02, =1 29. 5 
31, —23,-18 33. 21,37 35. =52,=46,0 37. -17,0,4,29 §39.5,6,7,8,9 41. =10,—9, =8, =7, -6,—5 
43.-4 45.9 47.36 49.40 51.-39 53.74 55. -82 57. -81 59. |22| > |—-19| 

61. |—71|<|-92| 63. |12| < |—31| 65. |-28|<|43| 67a. 11,7,3,-1,-5  —b. 11,7,3,1,5 69. never true 





SECTION 1.2 


a) Sil 5a 5 Ia 2333} S40 11. 0 ile SS5) As! 9 AZ all 19. —10 74q\E, lle) 23. —41 
255-12 212 0 29. —34 31. 0 2k, = 37. 8 oh) = 7/ 41. —9 43. 9 45. —3 47. 18 

49. —9 HT 11 we} SIL 55. 0 5752 fe), alleys 61s 635 —12 65. —20 67. The differ- 
ence 1s'399°C- 69. The difference is 7046 m. 71. The difference between the highest and lowest elevations is greatest 
in Asia. 73. The difference is 5182°C. 75. The total net loss was $9 million. 79. The difference is 16°F. 

81. No. For example, 10 — (—8) = 18. 


SECTION 1.3 


3. 42 Sy, 8) 7. 60 S253 41) —238 13. —114 iby =105 i252 ks =Z2il@ 

724) SHI) 23. 420 25. 2880 7H fs DST? 29. 0 eile =z 33. 8 Shy =i Sia = 2 

Su) =e ts Peet A 43. 11 45. —-14 47. 15 49. —16 51. 0 53529 55. undefined Li AL il 
59. undefined 61. The average daily high temperature was — 26°F. 63. The 5-day moving average was 

=A S30, = 1, a) 65. The score for the exam was 74. 67. —6 


SECTION 1.4 
1 4 2, 3 3 11 1 St = aa 
ee Se ae = : 7S os 153s 17. 0.16 Osk2> 21. 0.2 23. 0.45 
1 3 a) Fi 5 3 7 5 9. 0 11 5 13 5 5 5 ie 19 
25. 0.916 27. 0:9375 29. 0.94 33 2 0.75 35 ae 0.64 37 a 1.75 39 git, 0.19 41 oF 0.05 
. = . 5 . . . 4’ : . 25” . . 4’ . . 100’ . . 20’ 5 
43 5 jets 4T. zs 49 als 51 2 53. 0.073 55. 0.158 57. 0.003 59. 0.099 61. 1.212 
. o . 8 ee . 3 . 200 . 6 . . . . . . . . . . 
\ De ae 


Be 5 
63. 15% 65. 5% 67. 17.5% 69. 115% 71. 0.8% 73. 54% 75. 335% 77. A577 % 79. 87.5% 


2 13 5 19 5 1 1 i i 
< = -= -— = = _ = 97.0 99. -— 
Metre 3. 40a) 887s 1ST 7, FOS 18, 69345, (2 898-2 eo 


101. x 103. 1 105. < 107. 8.022 109. —38.8 Vite sil 1iiS EE SS 115. 4.676 


3 1 4 
AZ = 0103 119. —60.03 121. 11.56 123. —0.88 125. —4.73 127. Te 129. ae 131. 25 


133. gee 135. a 137. ee 139. pee 141. = 143. 2 145. 4.164 147. 4.347 149. —4.028 


30 64 9 By 
15M 222 153. —1.104 155. 0.506 157. —0.2376 159. —274.4 161. —2.59 163. —5.11 
165. —2060.55 167. 31% responded that the Internet helped business. 169a. There was a 28.6% increase in soft- 


ware piracy in Western Europe. b. There was a 7.7% decrease in piracy in North America. c. Eastern Europe had 


more than a 50% decrease in piracy. 








A2 Chapter 2 





173. Answers will vary. 175.a=2,b=3,c=6 








SECTION 1.5 


tls BO 3. —49 ay Y) Te ol 9. 11. 0.09 13, 12 15. 0.216 V5 12 19. 16 21. —864 


Ale 


23. —1008 7A, 21am OO mile, & 33. 12 2, 37. 8 SEE mali 41. 12 43. 13 


1 
45. —36 47. 13 49. 4 SiS 53.5 =1 55. 4 57. 0.51 597 7 61. at Ys 


CHAPTER REVIEW* 
1-6 112A) 2 0:28 {14A]~ 3. -25 [1.5A] 4.10 [15B] 5. -4<2 [11A) 6.0062 [1.45] 


7. —42 [1.3A] 8. <3 [1.4C] 9. 60 [1.5B] 10. —4 [1.1A] 11. —1.068 [1.4C] 12. 62.5% [1.4B] 


S. 152 
13. 0.13 [1.4A] 14. —4 [1.2B] 15. 4 [1.1B] 16. 8 [1.3B] 17; —=20,_ [138] 18. 500 [1.4B] 


19. 31 [1.5B] 20. —13 [1.2A] 21. 542% [1.4B] 22. = [1.5A] 23. —4.6224 [1.4D] 24. 5 CUB 


2551 2B) 26. Ss [1.4D] 7a} WoO, 2 |TV Bs 28. 81 [1.3A] 29. —|6| < |—10| [1.1B] 
30. 1 [1.5B] 31. The score for the exam was 98. [1.3C] 32. IBM accounted for 7.4% of worldwide shipments of 


personal computers. [1.4E] 33. The difference is 396°C. [1.2C] 


CHAPTER TEST* 


Aig [A238] 2. 835% [1.4B] 3.0122 [USA] 4. —5.3578 [1.4D] 5 eB 6. [1.4B] 


Co| WwW 


7. = [1.4C] 8. 8 [1.5B] 9. 90. [1.3A] 10. 4 [1.1B] 11. —108 [1.5A] 12. 4 [1.1A] 


(ek, =2> =40) (TAU 14. —4 [1.1B] 15. =; 0.45 [1.4B] 16. —16 [1.2A] 17. —48 [1.3A] 


18. 17 [1.5B] 19. 4 [1.2B] 20. 5 [1.4D] 21. 102.5% [1.4B] 2259 Bei 23. 0.7 [1.4A] 


24a. The annual earnings would be —$103.6 million. b. The average monthly earnings was —$6.1 million. [1.4E] 
25. The value of 100 shares was $11,375. [1.4E] 


Answers to Chapter 2 Odd-Numbered Exercises 


PREP TEST 


1 4 cS) 8 
: 1B 2.4 [1.3D Ske : = 3 —= : = == 
1 Tl J [ ] D [1.4C] 4 9 [1.4D] 5 10 [1.4D] 6. —16 [1.5A] it 7 [1.5A] 


8. 48 [1.5B] So ISeh SB UO, 2 | SS153h 


*Note: The numbers in brackets following the answers in the Chapter Review indicate the objective that corresponds to that problem. For 
example, the reference [1.2A] stands for Section 1.2, Objective A. This notation will be used for all Pretests, Chapter Reviews, Chapter Tests 
and Cumulative Reviews throughout the text. : 
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Answers to Odd-Numbered Exercises A3 


SECTION 2.1 


1207, 5%, 38 63.-=0'.6 S. iy, oy” 9437.01, —9 9. 141 13-10 15. 32 17. 21 19. 16 
21. —9 23. 41 255 27a 13 29. —15 31. 41 33. 1 35.5 37a 39. 57 41. 5 
43. 8 45. -3 47, —2 49. —4 51, 225 53. 60 55.4 57.81 59. n*>x"ifx=n+t+1 


SECTION 2.2 


3. 14x Sod) ks Gy oO) 2 30 11. 5a 13. —2ab 15. 5xy 17. 0 19. -25 21. 6.5x 


23. 0.45x 25. 7a 27. —14x? 73) Sage ee ST Lin ay 332-24. — 60 35. =3% = by SOR RSL = 5), 
39% 12% 41. —21la 43. 6y 45. 8x 47. —6a 49. 12b 51. —15x? 53, x 55. a 57. x 59. n 
61. x 63. y 65. 3x 67. —2x 69. —8a’? 71. 8y 73. 4y Ys =D 77. 6a Ish, ie = 2 

81. 8x — 6 83. —2a — 14 85. —6y + 24 87.35 — 21b ch), 2 = By 91. 15x? + 6x 93. 2y — 18 

Gone toe 30/5 97. 6x2 — 28 99, —6y? + 21 “1011 3x2.— 3y?_. 103..—4x.4 12y .. 105. —6a2.+ 7b? 

107. 4x* — 12x + 20 ICR) ee = Shy ae at 111. —12a* — 20a + 28 113. 12x? — 9x + 12 115. 10x? — 20xy — 5y? 
117. —8b? + 6b —9 ih) ai 7 Ws Silke se ks} 123. —4y — 4 1255 eo 127. 14y — 45 

129. a + 7b 131. 6x + 28 1335 50 75 135. 4x — 4 1B, 243— ©) 139a. False. 8 +4 44+ 8 

b. False. (8 + 4) +248 + (4 +2) c. False. (7 — 5) -—-14#7—(-— 1) d. False. 6 — 3 #3 — 6 


141. No. 0 does not have a multiplicative inverse. 


SECTION 2.3 


Tosa ey, 3.¢+ 10 5. z+ 14 Tax — 20) 9. =n +12 11. B45 13. 3(y + 7) 15. t(t + 16) 








js 
17. ae +15 19. 51? 4+ 1? 21. r= = 23. x? — (x + 17) 25. 9(z + 4) 27. 12 —x 29. =x 31. = 
1 1 13 
Sey ee S5e (i) Oe a 37. 39. 5 + =(% + 3); =x + — Alls (235 —84)) cs s5 04, 
5) ae 3 2 2 2 
Dee eS) 
JET (re = SN 7R Wee == Sis) 45. z nV} ge — (oye — Bs Dye sek 49. 3x + x; 4x Mik (G6 a= ©) ae Ss ge ae Lil 
1 4 il eG 4 At ; 
53. x — (x + 10); —10 55. Fa ++ 9% 1a” 57. ag + ae 59. number of near collisions in 1999: C; number of 


near collisions in 2000: C + 91 61. length of one piece: S; length of second piece: 12 — S 63. distance traveled by the 


first car: x; distance traveled by the second car: 200 — x 65. number of bones in your body: N; number of bones in your 


foot: aN 67. salary needed in San Diego: S; salary needed in New York City: 2S 69. 2x 


CHAPTER REVIEW 


1. 3x — 24 211 (2.2€]) Zell [222A 3. 8a — 4b [2.2A] A. on [2-261 5. 79 [2.1A] 
@ Me = Bs (222XE] 7. i2y? =P By — 10" [22C] 8. —6a |2.2B] 9. =42%"" [2.2B] 10) — 63) 36x [222C] 
14, —5y ([2.2A] 12. —4 [2.1A] 13. 24y + 30 [2.2D] 14. 9c —5d [2.2A] 15. 20x [2.2B] 
16. 7x + 46 [2.2D] 17. 29 [2.1A] 18. —9r + 8s [2.2A] 19. —4x? + 6x [2.2A] 20. —90x 425" 12201 


2 
21.0280" — 8a ce 12, (220) 22. —4%+ 20. [2.2D] 23. —7 ([2.1A] 24. 36y [2.2B] 25. 3 +10) ([2.3A] 


26. number of calories in an apple: a; number of calories in a candy bar: 2a + 8 [2.3C] 
27. 3x + 5(x — 1); 8x —5  [2.3B] 28. 4x [2.3A] 29. number of ten-dollar bills: 7; number of five-dollar bills: 


Boe esl 30. 2x - 5m Sx [2.3B] 31. number of American League cards: A; number of National 


League cards: 54 [2.3C] 32.x—-—6 [2.3A] 337 6 2x) 23 Bil 





A4 Chapter 3 


CHAPTER TEST 


lh Ske NT 2. —6x? + 21y* [2.2C] Sp ede @ (12.210) 4. —7x + 33 [2.2D] 5. —9x — Ty ([2.2A] 

6. 22 [2.1A] The, Dee PPM Gh Weace Sis} ||P 21D) 9. —10x? + 15« — 30 [2.2C] 10. —2x —5y [2.2A] 
Uy sy 221A WP See" | 22183] 13; v7 [224] 14, —4% 8 [2:26] 15. —10a [2.2B] 

UG, Bese 52 ||P AID) 17. 36y [2.2B] AS 15— S5b e220] 19. a°-—b? [2.3A] 

20. 10(@ = 3); 10x = 30) [2.3B] 21. x + 2x? [2.3B] 22. speed of return throw: s; speed of fastball: 2s [286] 


23. Se. Salo) 24.b-—7b (2.3A] 25. shorter piece: x; longer piece: 4x — 3 [2.3C] 
x 


CUMULATIVE REVIEW 


il 


1 
ea Foe eA) 2.5126) 3. 24 [1.3A] 4. —-5 [1.3B] 5. 1.25 [1.4A] 6. 48 [1.4C] We ‘3 [1.4D] | 
8. [1.4D] 9. 75% [1.4B] 1055-5 (eSB) 11. “* [1.5B] 12. 16 [2.1A] 13,- 54° 1 {2-28} 
14. —7a — 10b [2.24] 15. 6a [2.2B] 16. 30b [2.2B] 17,24 — 6% (22C] 18. 6yc— 18 o(2:20) 


19. : [1.4B] 20. 0.0105 [1.4B] 21" —See iz) 2.20) 22. —99? + Oy +821 [2.2€] 


7 Tee ae WE POD) ZAG 45) 2-20) 20a 24 (2-2) 26), —35 ly iZe2 


27. 5b +b [2.3A] 28. SS [23Al"\ 7298 — [3B] 301 x4 £2); ee? 12 3B 


Slee (Gyt eo) Dies 12: 2a 5x) [2.3Bi] 32. speed of dial-up connection: s; speed of DSL connection: 10s_ [2.3C] 


e Answers to Chapter 3 Odd-Numbered Exercises 


PREP TEST 
1.0.09 [1.4B] 2.75% [1.4B] 3.63 [2.1A] 4.0.65R [2.2A] 5. ox [22A], * Ga9x% 318. J22C} 


Th, As@iere Ae ieee POX] Sie 2a l2-3.B)| Gh Sve |[2.KC] OES ze PKG] 


SECTION 3.1 


3. yes 5. no 7. no 9. yes 11. no 13. yes 15. no 17. yes 19. yes Zileavies 23. no 
27. 6 29. 16 She 7 33.2 =i, I 37. 0 39. 3 41. —10 4373 45. —14 47. 2 


49. 11 519 537 55. —14 Dia 59 eel 61. 1 63. -5 65. 3 67. a 69. = 


12 


71. 0.6529 73. —0.283 as 2) eu 79% = 81. 0 83.02 85. 9 87. 80 89. —4 ST 0 
93. 8 DD ae) 97. 12 99. —18 101. 15 103. —20 105. 0 107. “ 109. > 111. “5 


3 15 
113. Es 115. 7 117. 4 119. 3 121. 4.745 123. 2.06 1255 —27 13 127. equal to 129. 28 


131. 0.72 133. 64 135. 24% UeW/5 7157 139. 400 141. 9 143. 25% 145. 5 147. 200% 

149. 400 (eihe, Toll 153. 200 155. 400 157. 20 159. 80.34% 161. 19% of the students are in the fine 
arts college. 163. Western Europe’s share is $675 billion more than Latin America’s share. 165. There is insufficient 
information to answer the question. 167. 35.8% of the total average healthcare costs were out-of-pocket costs. 

169a. 44.4% of the people watching would have to buy one can. b. 7.3% of the people watching would have to buy one 
6-pack. 171a. Answers will vary. b. Answers will vary. 
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Answers to Odd-Numbered Exercises A5 


SECTION 3.2 . 


dans) 3. 6 a} il Le = Bh 2 11. 2 13. 5 15:3 17. 6 19. 3 21. 1 23. 6 20 eat 


3 4 1 1 3 1 1 
27. 0 29. 7 31. 9 33. 3 35. rs 37. ap 39. 3 41. ¥a 43. | 45. 1 47. 0 49. a 


Ww 
[Ww 


2 4 
51. 5 53. ms 55. 7} 57. 18 59. 8 61. —16 63. 25 65. 
1 


73. = 75. ei Widow 2 79. 3 81. 7 83. 3 85. 19 87. —1 89. —11 91. The markup rate 


is 60%. 93. The cost is $59. 95. The markup rate is 44.4%. 97. The cost is $8.50. 99. The discount rate 
is 23.2%. 101. The regular price is $300. 103. The markdown rate is 38%. 105. The regular price is $275. 
107. The initial velocity is 8 ft/s. 109. The depreciated value will be $38,000 in 2 years. 111. The length is 
approximately 31.8 in. 113. The distance is 168 ft. 115. The population is approximately 51,000 people. 

117. The year is 1952. 119. The markup is $18. 121. The regular price is $317.65. 123. 385 


SECTION 3.3 
pe eee Soe Lek yaa el te S201 14. 234) 18.40, SIE 1-172 -—3.[AF19. =1a 2104 23. = 


3 
25. 27). 4 7Ae), AN 31. 41 33. 8 35. 1 37. 4 Shy al 41. -1 43. 24 45. 495 


1 


1 10 
49. 3 51. ze 53. “iy 55. 0 GW/n =i 59. The force applied must be 25 lb. 61. The fulcrum 


must be 6 ft from the 180-pound person. 63. The fulcrum must be 10 ft from the 128-pound acrobat. 65. The mini- 
mum force is 34.6 lb. 67. The breakeven point is 260 units. 69. The breakeven point is 520 units. 71. 3000 bats 


must be sold to break even. 73. no solution 75. 0 


47. 


Nile alu 


SECTION 3.4 


Ue 36 = US) S78 22 Sy 168 = =i = iy, ise = 18 2 1 eX — ee 99245 Oo — 1575 11. 4x — 6 =22;7 
Asis (Accra) 15313 155924 — 25) 3x7 550 digas — isl > rere 19. 3x + 2(18 — x) = 44; 8, 10 

21. The integers are —8, —6, and —4. 23. The integers are 11, 13, and 15. 25. The integers are 6 and 8. 

27. The integers are 2, 4, and 6. 29. The storage capacity is 2 gigabytes. 31. The customer used the service for 11 min. 
33. The executive used the phone for 162 min. 35. The family used 515 kWh of electricity. 37. The pieces 

measure 6 yd and 8 yd. 39. The value of the stock account is $6000. The value of the mutual fund account is $4000. 


43. Contradiction 45. Conditional; 2 47. Conditional; 0 


SECTION 3.5 


3. The sides measure 50 ft, 50 ft, and 25 ft. 5. The length is 13 m. The width is 8 m. 7. The length is 40 ft. The 
width is 20 ft. 9. The sides measure 40 cm, 20 cm, and 50 cm. 11. The length is 130 ft. The width is 39 ft. 

13. The width is 12 ft. 15. Each side measures 12 in. 17. complementary, supplementary 19. The complement 
of a 28° angle is 62°. 21. The supplement of a 73° angle is 107°. 73, BS 25. 20° 27, 53° 72: a 

Silrlion Solon 35. 45° 37. 49° 395 122 41. Za = 122°; 2b = 58° 43. Za = 44°; 2b = 136° 45. 20° 
47. 40° 49. 128° 51. Zx = 160°, Zy = 145° 53. Za = 40°, 2b = 140° Ep) Sy = % 57. The measure of the 
third angle is 45°. 59. The measure of the third angle is 73°. 61. The measure of the third angle is 43°. 63. The 
length is 9 cm. The width is 4 cm. 


SECTION 3.6 
1. 20 oz of herbs should be used. 3. The cost of the mixture is $1.84 per pound. 5. 3 lb of caramel is needed. 


ie 
7 
z 
£ 


: 
! 
¢ 
i 
iH 
i 
| 
Ve 


7. 2c of olive oil and 8 c of vinegar are used. 9. The cost is $3.00 per ounce. 11. 16 oz of the $400 alloy 
should be used. 13. 37 lb of almonds and 63 lb of walnuts were used. 15. 228 adult tickets were sold. 
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17. The cost is $.70 per pound. 19. The resulting gold alloy is 24% gold. 21. 20 gal of the 15% acid solution 

are used. 23. 30 lb of the yarn that is 25% wool is used. 25. 6.25 gal of the plant food that is 9% nitrogen are used. 
27. The resulting mixture is 19% sugar. 29. 20 lb of the coffee that is 40% java beans are used. 31. 100 ml of the 
7% solution and 200 ml of the 4% solution are used. 33. 150 oz of pure chocolate must be added. 35. The resulting 
alloy is 50% silver. 37. The rate of the first plane is 105 mph. The rate of the second plane is 130 mph. 39. They 


will be 3000 km apart at 11 A.M. 41. The cabin cruiser will be alongside the motorboat 2 h after the cabin cruiser leaves. 


43. The distance from the airport to the corporate offices is 120 mi. 45. The rate of the car is 68 mph. 47. The 
distance between the two airports is 300 mi. 49. The planes will pass each other 2.5 h after the plane leaves Seattle. 
51. They will meet 1.5 h after they begin. 53. The bus overtakes the car 180 mi from the starting point. 55. 752 


of pure water must be added. 57. 3.75 gal must be drained from the radiator and replaced by pure antifreeze. 


1 
59. The cyclist’s average speed for the trip was 135 mph. 


CHAPTER REVIEW 


qh, ile |isssil23]| 72, 1@) [83183] =}, 7 (si 4. No [3.1A] yy PAO) NEE] 6. —2 [3.3B] Tess 
250% of 12. [3.1D] 8. 4 [3.3A] 9. -1 [3.3B] 10. 4 [3.3A] 11. The cost is $671.25. [3.2B] 
12. 68° [3.5B] 13. A force of 24 lb must be applied to the other end. [3.3C] 14. The average speed was 


32 mph. [3.6C] 15. The discount rate is 332%. [3.2B] 16. 2x = 22°, Zy = 158° [3.5B] Vis 1 Quotk 


cranberry juice and 3 qt of apple juice were used. [3.6A] 18. The integers are —1,0, and 1. [3.4A] 19. The 
angles measure 75°, 60°, and 45°. [3.5C] 20. 5n —4=16;4 [3.4A] 21. The height of the Eiffel Tower is 

1063 ft. [3.4B] 22. The length is 80 ft. The width is 20 ft. [3.5A] 23. The jet overtakes the propeller-driven plane 
600 mi from the starting point. [3.6C] 24. The numbers are 8 and 13. [3.4A] 25. The resulting mixture is 14% 
butterfat. [3.6B] 


CHAPTER TEST 
ao SCALP 25 (3 BM) 43. =39 (32A]™ S42. [(33B)! SANG OMA ~ 6.5.03 2A); ATS O57 
isQ042"[3.1D\. ~ 8: “5 [3.3B] 9.2 [3.3A] 10. -12 [3.1C] 11. 10 lb of the $.70 rye flour and 5 lb of the 


$.40 wheat flour should be used. [3.6A] 12. 19° [3.5B] 13. The discount rate is 20%. [3.2B] 

14. 200 calculators were produced. [3.2B] 15. The measure of one of the equal angles is 70°. [3.5C] 16. The 
integers are 10,12, and 14. [3.4A] 17. 1.25 gal of water must be used. [3.6B] 18. Za = 138°, 2b = 42° [3.5B] 
19534 — 15 = 27-14 ([3.4A] 20. The rate of the snowmobile was 6 mph. [3.6C] 21. There are 110 color TVs 
made each day. [3.4B] 22. The two numbers are 8 and 10. [3.4A] 23. The distance between the two airports is 
360 mi. [3.6C] 24. The sides measure 10 ft, 5 ft, and 8 ft. [3.5A] 25. The temperature of the water after mixing is 
GONE, [Se] 


CUMULATIVE REVIEW 


19 
1.6 [1.2B] 2. —48 [1.3A] 3. ae. [1.4C] 4. -2 [1.4D] 5. 54 [1.5A] 6. 24 [1.5B] 
7. 6 [2.1A] Soe lie 2A Ces = [22 10. 2x [2.2B] 11. 36y [2.2B] 
I OK 4 12 2E] 13. —4x + 14 [2.2D] 14. 6x — 34 [2.2D] 15. Yes [3.1A] 16. No [3.1A] 


17. 19.2 [3.1D] it 25 leke]| ich 2 PS. 24\) 20. 3 [3.2A] 21. 13 [3.3B] 22. 2 [3.3B] 
1 
2355 SON 24. 5 [3.3A] 25. The final temperature of the water is 60°C. [3.3C] 


26. 12 —5x = —-18;6 [3.4A] 27. The area of the garage is 600 ft?. [3.4B] 28. 20 lb of oat flour must 
be used. [3.6A] 29. 25 g of pure gold must be added. [3.6B] 30. The length is 12 ft. The width is 10 ft. [3.5A] 
Sil, ee [sassEs]! 32. The measure of one of the angles is 60°. [3.5C] 33. The length of the track is 120 m. [3.6C] 


Copyright © Houghton Mifflin Company. All rights reserved. 


Copyright © Houghton Mifflin Company. All rights reserved. 


Answers to Odd-Numbered Exercises A7 


i Answers to Chapter 4 Odd-Numbered Exercises 


PREP TEST 


a E28 2.18. [1-3A] 3. [1.4A] 4.48 [2.1A] 5.0 [1.4A] 6.No [2.2A] 


Wide 9x=> 6 [2.2A) 98.0 -42.2A] 9.-6x +24 [22C] | 10.-6xy + 10y [22D] 
SECTION 4.1 


1. Yes 3. No 5. Yes DERNES 9. Binomial 11. Trinomial 13. None 15. Binomial 47. "24 3x 
19. y? — 8 21. 5x? + 7x + 20 23. x° + 2x? — 6x — 6 25. 2a? — 3a” — 1la + 2 27. 5x? + 8x 

29. 7x? + xy — 4y’ 31347 —=s3ae1 17 33. 5x° + 10x? -x -— 4 35. 37° + 27? — 1Ir +7 37. 4x 

39. 3y? — 4y — 2 41. —7x —7 43. 4x2 + 3x7 + 3x 4+ 1 45. y? + 5y? — 2y — 4 47. —y? — 13xy 

BOT = 35 F161. SOx 2 | G9. 3a7%—(2 — 166. 4y®+ 2y? Hay A BI + Ge S11 


SECTION 4.2 


3: 30x° 5. =42¢° 7. 9a’ OF x*y* 11> =10x°9 13h 1248 15. —6x°y° 1h xy 19. a*b°c* 

29; —30a°b* 23. 6a°b 25. 40y1%%° 27. 9°27 29. —24a°b*c? 31. 8x"yz° 33. 30x°y8 35. —36a°b*c? 
7 ies 39) x= Ax AS ys 45. —8x° 47. x*y® 49. 9x4y? SI. 24300 53.) 8x" 

55. 24x°y’ 57. a‘b® 59. 64x)y° 61. —18x°y* 63. —8a’b° 65. —54a’b? 67. 12x? 69. 2x? + Ox4y? 
Ti 07 73, 17° 9 75. True’ (77. False! (x?) =x22 =x 79!) No. 2 is larger. 


SECTION 4.3 


A; S43, i2.— 15 Bex — 2x 5. —x? -— 7x 7. 3a? — 6a? 9. —5x* + 5x? 11. —3x° + 7x? 13. 12x? = 62 
15. 6x* — 12x 17.327 44x 19. —x*y + xy? 24s 2x = 3x7 24 23, 2a° +3a° + 2a 25. 3x° — 3x4 — 2x? 
27. —6y* — 12y> + 14y? 29) 2a" = 6a’ + 8a 31. 6y* — 3y? + 6y? 33. x*y — 3x*y? + xy? S35. a? + 4x 5x cee 
37. a> — 6a* + 13a — 12 39. —2b*? + 7b? + 19b — 20 41. —6x? + 31x? — 41x + 10 43. x° — 3x? + 5x -— 15 

45. x* — 4x° — 3x? + 14x —8 47. 15y° — 16y? — 70y + 16 49. 5a* — 20a? — 5a? + 22a — 8 

Bie ea Sy BS x de 2. BS a ha 12” SP ye Sy — 24 (59. 2 — Tye 

61. 2x? + 15x + 7 63. 3x7 + 11x -—4 65. 4x? — 31x + 21 67. -3y? — 2y — 16 69. 9x? + 54x + 77 

71. 21a’? — 83a + 80 73. 6a? — 25ab + 14b? 75. 2a* — 1lab — 63b? 77. 100a* — 100ab + 21b? 

79. 15x? + Séxy + 48y?2 81. 14x? — 97xy — 60y? 83. 56x? — 6 lxy + 15y? 8B. y? 25-87. 4x2 - 9 

89. x? + 2x41 91. 9a? — 30a + 25 93. 9x? — 49 95. 4a? + 4ab + b? 97. x”? — 4xy + 4y’ 99. 16 — 9y" 
101. 25x? + 20xy + 4y’ 103. The area is (10x? — 35x) ft?. 105. The area is (4x? + 4x + 1) km’. 

107. The area is (4x? + 10x) m2. 109. The total area is (60w + 3000) yd?. 111. x? + 2x? — 5x? — 6x +9 

113. 12x? — x — 20 115. x? — 7x? —7 











SECTION 4.4 
1 1 1 és 4 2 : ae 
HS SS : 5 =e : 5S Ue Ss ; 7A be 23. 1 
TS Los oye2 ah 5 5. 64 7. 7 Oe 11 2 13. a 15 m7 1 32 19. 5b 3 
P ence) ae 2a 1 1 
As, ill Oe 29.,.a° 31. p Some 35. 2k 37. mn 39. 08 41. Ant 43. 1) 45. a 
1 2 y4 2 1 1 7xZ Pp? S85; 65 9 
fe Pe, wets debe OF brite! Be let.) ea. see, 
» 5 a 10y? 1 po: 1 1 an eae! 
Se ee TT 79 Ot 88 on 88 es 
a’b 7b° st 125p° = me 46 
SS SSeS 2 : 97. 3.24 x 10 99. 3 x 10 101. 3.2 x 10 
ee 6c? Be) a’ 4r? a8 27m*n® 


103. 1.22 x 10°” 105. 5.47 x 10° 107. 0.000167 109. 68,000,000 111. 0.0000305 113. 0.00000000102 
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{Lil 1 
115. 6.023 X 107 Au oOo 119. 1 x 10° Wh We KO 123. rm 7 1, 2,4 125. 4, 2, 1,5 a 
127. False. (2a)? = eee 129. False. (2 + 3)! = (5)! = ! 
i 3 Qa) 8a , ; 5 
SECTION 4.5 


a3 2at 5 3. 6y + 4 Saxe Tied, 9, 28a 5 Veta) ser 1Siavate? Toney eo 


17. 3x2 += ieee ey 21. 4a —"5 +°6b 22s, Oye se (= Shy 2a 2) =) 27. ot 
4 i 




















Pieces Bey Te 38: Orns 35. x - 2 +> 37. ee 39. 6x — 12+ 
a1. b-5- 43. 3x +17 + 45. Sh lore 47.4a+1 49. 2a +94 

Sil Ae = eee 53. x7 +5 55. 3ab 

CHAPTER REVIEW 

1. 86° 26 2 er 4.3C] 2.) 21y* + 4y — 1? [4.1A] 3.67+5b+2+ b 7 [4.5B] 4. x*y®z* [4.2A] 


2 6 
Bae =e Lee (SBA lc Gab eal4-4Alie Jaret el42Bie 82x? 4u3x — 814d Ble ae 9 = [4.4A] 


10. 25y? — 70y + 49 [43D] 11. 100a%b [4.2B] 12. 404+ 1267-1 [4.5A] 13. 13y?- 12y?-5y—1 [4.1B] 
2a? 
3b3 
17. 8a3b> — 4a2b4 + 6ab> [4.3A] 18. —2y2>+y—5 [4.1B] 19. 9x*y® [4.2B] 

20. 12b° — 4b* — 6b? — 8b? +5 [4.3B] 21. 2x3 + 9x2 -—3x-—12 [4A] 22. —4y+8 [4.5A] 


14. 10a + 12a — 22 [4.1A] 15) 6y> + 17y? = 2y — 21 [4.3B] 16. — [4.4A] 


4,6 
23. a2-—49 [43D] 24. —54a2b8c? [4.2A] 25. 2y-9 [4.5B] 26. 2 [4.44] 27. —20x3y5 [4.2A] 


28. 10a* + 3la — 63 [4.3C] 29. 1.27 x 107 [4.4B] 30. 0.0000000000032 [4.4B] 
31. The area is (2w? — w) ft?. [4.3E] 32. The area is (9x? — 12x + 4) in?. [4.3E] 


CHAPTER TEST 


5 4 
1 4x° — 6x [4:34] 2. 1 Agg =} Lo = [4.5A] 3. SG [4.4A] 4. —6x*y° [4.2A] ae ie a [4.5B] 


6. <2 — 7x? + 17x — 15 [4.3B] 7. —8a°b? [4.2B] 8. = [4.4A] 9. a? + 3ab — 10b*  [4.3C] 

10. 4x¢- 2x? +5. [4,5A] +11, +7 [4:55B] 12! 6y* —9y° 4 18y? ([4.3A]}) © 130 Lax? £ Oo = 39? — Tae 29T 
[4.3B] 14. 16y?-9 [4.3D] 15. ab’ [4.2A] 16. 8ab* [4.4A] 17. 4a —7 [4.5A] - 

18. —5a° + 3a -— 4a +3 [4.1B] 19. 4x? — 20x + 25 [43D] 205 234 Siar re [4.5B] 

21. -2x? [4.4A] 22. 10x? — 43xy + 28y? [4.3C] 28. 3x3 + 6x? -— 8 +3 [4.1A] 24, 3.02 x 107° [4.4B] 

25. The area is (7x? — 107x + 257) m2. [4.3E] 





CUMULATIVE REVIEW 


5 
6 Sot : 2. 
1 144 [1.4C] 


7. -18 + 12) [2.2D] 8. -16 [3.1C] 9-16 [3.3A]. 10. 15 [3.3B] 11.22% [3.1D] 
12. 4b>- 4b°?- 8-4 [4.1A] 13. 3y3 + 2y?- 10y [4.1B] 14. 2%" [4.2B] 15. —8x2y® [4.2A] 


MS 22 
[1.5A] 3. Ta [1.5B] 4. Eo [2.1A] Eye See Seay [PWN] 6S 2B 


wlun 





16. 6y' + By? — 16y? [4.3A] 17. 10a? — 39a? + 20a — 21 [4.3B] 18. 1562-315 +14 [4.3C] 19, ; [4.4A] 
267 oe 


20.a—7 ([4.5B] 21. 0.0000609 [4.4B] 22. 8 —2x = 18:3 [3.4B] 23. The resulting mixture is 
28% orange juice. [3.6B] 24. The car overtakes the cyclist 25 mi from the starting point. [3.6C] 
25. The length is 15 m. The width is 6m. [3.5A] 
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Answers to Odd-Numbered Exercises A9 


e Answers to Chapter 5 Odd-Numbered Exercises 


PREP TEST 
Be 127s 2 ela es eit > 12.2C)- 4. =3a+ 3b [22D] 5.0 BAC] 


1 
6. Fes [3.2A] Le ae Seo we wae 86. Aix = 10 [4.3] 9.x? [4.4A] 10. 3x°*y [4.4A] 


SECTION 5.1 


3%, N@ SB Al) 5. 8(2 — a’) 7. 4(2x + 3) SN6(Ga — 1) 11. x(7x — 3) 13. a?(3 + 5a’) 15. y(14y + 11) 

V7 2x(x? = 2) 19. 2x7(5x? — 6) 21. 4a°(2a> — 1) 23. xy(xy — 1) 25. 3xy(xy> — 2) 27. xy(x — y’) 

29. 5y(y? — 4y + 1) 31. 3y*(y*? — 3y — 2) 33. 3y(y? — 3y + 8) 35. a’(6a> — 3a — 2) 37. ab(2a — 5ab + 7b) 

39. 2b(2b* + 3b? — 6) 41. x?(8y? — 4y + 1) 43. (y + 7)(a +z) 45. (3r + s)(a — b) 47. (t — 7)(m — 7) 

49. (2y+1)(4a—b) 51. (x + 2)(x+2y) 53. (p- 2)(p— 37) 55. b—4)(Q4+6) 57. (+9) 22-1) 

59. (4v + 7)(2v— 3y) 61. (2x —5)(x -3y) 63. Gy —a)(y—2) 6B. (y+ DGx—y) «67. (-2 Bs 4+ 

69. 28 is the one perfect number between 20 and 30. 71. In the equation for the perimeter of a rectangle, when L + W 
doubles, the perimeter doubles. 


SECTION 5.2 


1. the same Sloe Ll Ge 2) by (6s = 2AyGe se il) 7. (a+ 4)(@ — 3) S95 (a— 11) (aa) VIG 2a) 
13. (6— 3)(6 —3) 15. (6 + 8) — 1) UZ (G7 4E LW) GAS) AO (as) (yee) 21 = oz 9) 

23a aa 20)(Zact 8) PAs, (9 32 BN(Ga ae QD) Zi an (eae tal) (Ccuet mK) 29. (b + 4)(b + 5) Se (Gear Bye — 14) 

33. (b — 5)(b + 4) ak (Gy = WayGy 4 3) ol, Ga = Diya se 3) 39. Nonfactorable over the integers 

Ace sia 15) 48 Spe ol) 45. 2G 419) AI GEOG —4) 49.62 4G" 1) 
Sia 5) (ae 18) lsh {ze se Pile = 0) 5m Gaal!) (Gales) ahs (@ 4¢ QNGo se 5) 59) (6 +2)(e = 9) 

(i. (ee sE le Sy) 63. @ + 25)(x — 4) 65. (b — 4)(b — 18) 67. (a + 45)(a — 3) 69. (b — 7)(b — 18) 
Tee Ge a= PN Ge a= 12) TEE (Ce 4) Ge =" DS») 752 (Ge BO) (Ga—_ 7) Wh Be sh 2) (oe se S)) 79 — ee + OGD) 
81. a(b + 8)(b — 1) SSRs) (vie) 85. —2a(a + 2)(a + 1) 87. 4y(y + 6)(y — 3) 89. 2x(x? — x + 2) 
91. 6(z + 5)(z — 3) 93. 3a(a + 3)(a — 6) 955 (Go -F 7y)ie = 3y) 97. (a — 5b)(a — 10b) 99. (s + 8t)(s — 62) 
101. Nonfactorable over the integers 103. z?(z + 10)(z — 8) 105. b’(b + 2)(b — 5) 107. 3y*(y + 3)(y + 15) 
109. —x?(x — 12)(x + 1) Wik S(Gecsk ye = 5) Wile, = seas —aiGe = 9) 115. (x — 3y)(x — 5y) 

117. (a — 6b)(a — 7b) 119. (y + z)(y + 72) A21esyGce 2 (cae) 23-93% Gout) a es) 

125. 4¢(z + 11)(¢-3) 127. 4x(x + 3)(x—1) 129. S(p + 12)(p—7) 131. p°(p + 12)(p — 3) 

Sem (eS) (te) 135. (a + 3b)(a — 11b) 1375 Co 6) Ga 9) (EEL Ss, Sl, Ae So) 

Ad ee On O22 143. 6, 10, 12 145. 6, 10, 12 147. 4,6 





SECTION 5.3 


ty (Oke s2 IME? sail) 3h, (hp se Gy se 3) a (a = ia = i) i; Co = Mo = 3) ch (ee = i) (Ge av 1); 

Tle (eee SE NGS = 33) ey (Dr ae 2) kas (io = Ga = 5) 17. (4y — 1) Gy — 1) 19. Nonfactorable over 
the integers 21a Ciel) (tb) 23. (8x + 1)(x + 4) 25. Nonfactorable over the integers 

27. (4y + 5)(3y + 1) 29) (a 2a + 7) 31. (3b — 4)(6 — 4) 33: (22 + iG, 14) 35. Gp — 2)(p +8) 

SH), DCke 4 ID\Ge ae aly) 3985 GVie!)| (Viel) Al, <Q— 1)iGa— 5) 43. b(3a — 4)(a — 4) 45. Nonfactorable 
over the integers 47. —3x(x + 4)(x — 3) 49. 4(4y — 1)(5y — 1) 51. z(4z + 1)(2z + 3) Suny (C2) 2tea) 
55, 5(2t— Gf 2) Bis jase = (a= 8) 59! 2(13z — 3) + 4) 61. 2y(5y — 2)(y — 4) 63. yz(4z — 3)(z + 2) 
65. 3a(2a + 3)(7a — 3) 67. y(3x — 5y)(3x — 5y) 69. xy(3x — 4y)(3x — 4y) 71. (3x — 4)(2x — 3) 

7Ex (Sia = 2 se 7), 75. (3a + 8)(2a — 3) 77. (4z + 3)(z + 2) 19m Zoro) ipa 2) 81. (8y + 9)(y + 1) 

83. (Gr + 1)(6f=5) 85. (6b — 1)(b + 12) 87. (3x + 2)(3x + 2) 89. (3b — 2)(2b — 3) 91. (11b — 7)(3b + 5) 
93. (3y — 4)(6y — 5) 95. (3a + 7)(5a — 3) 97. (2y — 5)(4y — 3) 99. (4z — 5)(2z + 3) 101. Nonfactorable over 
the integers 103, (22 — 5)\(6z — 2) 105. (6z + 7)(6z + 5) 107. (3x — 2y)(x + y) 109. (3a — b)(a + 2b) 





A10 Chapter 5 


111. (4y — 3z)(y — 22) 1132 =") a i Sil 5 act eo) 117. 3(3x — 4)(x + 5) 

119. 422% — 3)(3%,— 2) 121. a*(7a — 1)(5a + 2) 123. 5(3o'—*2)(6 7) 125. (3% —'5y)(% — Ty) 

127. 3(8y — 1)(9y + 1) 129. >a Wie 21) ‘eles, sGe = 1h) 135. 2y. + Digs) 137. (4y — 3)(y — 3) 
LEER Si ales) 141..—15)15 =5;5 143 3— 373, oo 


SECTION 5.4 


1. Answers will vary. For instance, (a) x? — 25; (b) x? + 6x + 9 3. (x + 2)(x — 2) 5. (a + 9)(a — 9) Tes Gee Ye 
9. @ — 1)? thle (2s se xe = 10) 13. @ + 3)@? — 3) 15. Nonfactorable over the integers 17. (x + y/ 

19. (2a + 1)? 21. (3x + 1)(3x — 1) 23. (1 + 8x)(1 — 8x) 25. Nonfactorable over the integers 27. (3a + 1)? 
29. (b? + 4a)? — 4a) 31. Qa—-5)? 33. (3a -7) =. (Sz + y)(Sz—y) 37. (ab + 5)(ab — 5) 


Sk (Sse ae W)iGre = 1) 41. (2a — 3b) 43. (2y — 92)’ 45. -+ 2) (4 a 2) 47. (3ab — 1) 


ASS 22) 55 (Zyl) 51. 3a(a + 1) 53. (m + 16)(m + 4)(m — 4) 55. (9x + 4)(« + 1) 57. 4y?(2y + 3) 
59. (y4 + 9)(y2 + 3)(2-3) 61. (5— 2p? «68. (4n —3 + y)(4x-3-y) 65. (xn -2+y)(x —2-y) 

67, 5(@% + 1) = 1) 69. x(x + 2) 71. x?(x + 7)(x — 5) 73. 5(b + 3)(b + 12) 75. Nonfactorable over the 
integers 71, 2y(x%+ 11)(%— 3) 79. x(x? — 6x — 5) 81:36? = 42) 83. (2a + 1)(10a + 1) 

85. y*(x — 8)(x + 1) 87. 5(2a — 3b)(a + b) 89. —2(x + 5)(x — 5) 91. b*(a — 5) 93. ab(4a + b)(3a — b) 
95. 3a(2a — 1) 97. 3(81 + a’) 99. 2a(2a — 5)(3a — 4) 101. a(2a + 5)? 103. 3b(3a — 1)? 

105. —6(x + 4)(« — 2) 107. x*(x + y)(x — y) 109. 2a(3a + 2) 111. —b(a — 2)(Qa + 1) 

113. 2x?(2x — 3)(x — 8) 115. x?(x + 5)(x — 5) 117. (a + 4)(a + 2)(@ — 2) 119. —3y7(2y + 5)(4y — 3) 

121. 2(@ — 3) (Qa — b) 12Z23Ei(yi WG al) (Ga) 125. (x — y)(a + b)(a — b) 1272 12 ie 129. —16, 16 

ASH 1 O10 


SECTION 5.5 
Si ==) Biavel =P 5. 7 and 3 7. Oand 5 9. Oand 9 11. 0 and -> 13. 0 and = 15. —2 and 5 


17. 9 and —9 19. 7 and s 21. Sand -3 23. —2 and =4 25. —7 and 2 27. 3 and 5 


29. 3 and 3 31. 0 and 3 33. O and 7 35. —1 and —4 37. 2 and 3 39. Sand —4 41. 5 and 4 


43. 3 and 9 45. 9 and —2 Mik, = Il eine) =2 49. —9and5 51. —7 and 4 5352 andes 55. —8 and 9 
57. 1 and 4 59. —5 and 2 61. The number is 6. 63. The numbers are 2 and 4. 65. The numbers are 4 and 5. 
67. The numbers are 3 and 7. 69. There will be 12 consecutive natural numbers. 71. There are 6 teams. 

73. The object will hit the ground 3 s later. 75. The ball will return to the ground 3.75 s later. 77. The length is 15 in. 
and the width is 5 in. 79. The height of the triangle is 14 m. 81. The dimensions of the type area are 4 in. by 7 in. 


83. The radius of the original circle is approximately 3.81 in. 87. 3, 48 89. -=, 5) 91. -0,9 


CHAPTER REVIEW 


1. (bb —3)6— 10) 152A] 2. (x — 3)(4*e + 5) [5.1B] 3. Nonfactorable over the integers [5.3A] 

4. 5x(x? + 2x +7) [5.1A] 5.17 Oy? Sy ty). LA] 6. (y -— 4(y + 9) [5.2A] Te 26 Gx — 4) SiSeSAll 
8. 3ab(4a + b) [5.1A] 9. (a8 + 10)(a2 — 10) [5.4A] 10. n(n + 1)(n — 3) [5.2B] TAGy —1)\(2ys3) SSA 
12. 2b(3b — 4)(2b — 7) [5.4B] 13. (y* + 5z)(3y? — 5z) [5.4A] 14. (c+ 6)(c +2) [5.2A] 


ike, (ea = BY(Se ae QD) [5.8133] 16. = and =H ea Wh Gedo = ©)(Ge ar ily (15.218) 1868s 2) (Ga) eels 


19) (Cae 5a 12) = S38] 20. —3and7 [5.5A] 21k (Sayt D0) (eee 2y) aloe Bil 22. (ab + 1)(a@b: = A)nS [54 Ag 
23.) (24>) (Oe 2y) ete EB 24) 5c 2 ts)) S28) 25. 3(4'+ 6)? [5.4B] 26: 134. = 2)(4 = S)5381 
27. The length is 100 yd. The width is 60 yd. [5.5B] 28. The distance between the screen and the projector 


is20mt 5.55) 29. The width of the frame is 1.5 in., or 15 iy ||Sye5y1 83) 30. The length of a side is 20 ft. [5.5B] 
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Answers to Odd-Numbered Exercises A111 


CHAPTER TEST 
1.@+6)@—3) [51B]) 2. 2y°(y + 1)(y— 8) [5.2B] 3. 4(x + 4)(2x-3) [53B] 4. (2x + 1)(3x + 8) [5.3A] 
5. (a — 3)(a- 16) [5.2A] 6. 2x(3x?- 4x +5) [5.1A] 7. (x +5)(x -3) [S2A] 8, > and -5 [5.5A] 


95(4? = 9% = 3) [SHA] 10. (p + 6)? [5.4A] 11. 3and5 [5.5A] 12 e ty) S4 Bi 
13. (6+ 4)6 —4) [5.4A] 14. 3y?(2x + 1)(x + 1) [5.3B] 15. (p + 2)(p' + 3) [5.2A] 165 2)\(@ sep) aloe] 
17. (9p + 1)\(x — 1) [5.1B] 18. 3+ 5)(a—5) [5.4B] 19. Nonfactorable over the integers [5.3A] 


205-3) Ca 12) 522A) 21. (2a — 3b)? [5.4A] 225255 1) \ a7) 54 Al 23. > and —7 ([5.5A] 
24. The two numbers are 3 and 7. [5.5B] 25. The length is 15 cm. The width is 6 cm. [5.5B] 


CUMULATIVE REVIEW 


Teel SL i.2B) 2.4 [1.5B] 3.57. [241A] @. 15n2° (228) 6. 12, [22D] 6. 


wt 


[31] Te [3.3A] 


AlN 


8. 3 [3.3B] 9.°45° [3.1D] 10. 9a°b* [4.2B] Wk = 31 — 62. 6) [4-38] 12. 4x + 8+ 





2 
ee! 
13. = [4.4A] 14. (a—b)(3-—x) [5.1B] 15. Sxy°(3—4y?) [5.1A] 16. (x — 7y)(x + 2y) [5.2A] 


Hep —10)(p + 1) 45.2A) 18. 3a(2a + 5)(3a + 2) [5.3A/5.3B] 19. (6a — 7b)(6a + 7b) [5.4A] 
20. (2x + 7y)* [5.4A] 24, (3%-— 23% + 7) [533A] 22. 2(3x — 4y)? [5.4B] 23a) Gy 2) ae 


2 
24. x and —7 [5.5A] 25. The pieces measure 4 ft and 6 ft. [3.4B] 26. The discount rate is 40%. [3.2B] 


27. The measure of angle a is 72° and the measure of angle b is 108°. [3.5B] 28. The distance to the resort was 
168 mi. [3.6C] 29. The integers are 10,12, and 14. [3.4A] 30. The length of the base is 12 in. [5.5B] 


¢ Answers to Chapter 6 Odd-Numbered Exercises 


PREP TEST 
1.36 [14C] 22% [44a] 3.-— [14c] 4-2 [14D] 5.No.2=0 but “is undefined. [1.4D] 
y 36 i a 0 
19 


6. 3 [3.2A] He IO [[Se5183) SHG nO) Car) iol SC) (se = SNe seal) [sesvN 10. 9:40 a.m. [3.6C] 


















































SECTION 6.1 

3. = 5. 7. I a W.-2 13.2 15. = ee 19,75 a. 27 
mo MD Bolg ET 

39. eos ary 43, ab? 45.*~> 47.149, Ha 51. a : = 53, -- "= 
55, > . fay 61> 63. 65, Sa ae 9 21. aoe 
73.1 75, -=~* eS g3, “= 

SECTION 6.2 


1 24K y Bo 30x" 5. 8x7(x + 2) 7. 6x?y(x + 4) 9. 36x(x + 2) 11. 6(x + 1)? 
(ek (Ge = iN Ge ae Aes a= 3) 15. (2x + 3)?(x — 5) Ancol) \ (Oar) 19. (x — 3)(x + 2)(x + 4) 
21. Gea 1)(e= 7) 23. (x — 6)(x + 6)(x + 4) 25.1% — 10) — 8) = 3) 27. (3x — 2)(x = 3)(« + 2) 
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\ 
5 6b 15y* 14x 
PAY, (Ge ae 2). = 8) 31 e— 5) Geel) 33, (x = 3) | Ga a) a6) 35. ie ee ; Tax’y’ 18x°y 
ay + 5a 6y a’y + Ta? ay b b’y 3p = Bil 2 
os nia ‘ =: 5 43. , (oS si; 5 
wy + See oi (VS) Wy De phy ae Diy =F 8) yes OO Dae ay aD) 
47, —2 3 ne x3 + 4x? 2x7 +x-1 3x? + 15x 4 
* y(y = 3)’ y*(y — 3) “(2x — 1)(x + 4)’ (2x — 1)(x + 4) ViG—aS\@erS) . Ga 'S\Csse Sh) 
Cem x? — 3x 800 9 w-—x 5 
i 55. —, —~ 57. ; 
B3 (x + 5)(x — 3)\(x +1)’ (x + 5)(x = 3)(x + 1) LO 108 e—-1’ x1 
59 3c? — 3cd 6cd + d? 
" 3(6c + d)(ce +d)(ce-—d)’ 3(6c + d)(c + d)(c — d) 
SECTION 6.3 
11 Ht 8x bye ap 7 Mee — Sy — Lio es 1 1 3 
: ==> = ; : i >, SS 13. 15. 17. 
be 2 x+4 a x-—3 x+9 2x +7 x+5 x-6 il 
1 4y + 5x 19 5) ee = IP DLN) =e BOK 1348+ 2 it 
_— _—_ == ————— > oor 305 
1s g= 5 23 xy cee 2x 2] 12x 29 6x? 2 20xy 15x 24 
x + 90 x? +2x+2 2x? + 3x — 10 —x? — 4x + 4 4x +7 4x? + 9x + 9 
‘ ._—..———— ._ : 45. A ae 
=z 45x => Dre pil 4x? i x+4 2 x+1 DAK 
he = I = Bay > Sy 20x? + 28x — 12xy + Oy ee = Bye — Way — NOY ix = 23 
49. : oe t 55, ——___ 
: xy? a 24x?y? fs 18xy? g @ — 3\Ge—=4) 
—y — 33 3x? + 20x — 8 3(4x? + 5x — 5) —4x +5 2(y + 2) 4x 
5), . ——.c— — ..h _ 65. ———__——__ _ = 
(ya O)| Gees) = (Ga 4) eetO) (Caraees) (2a) oS se = (y — 4)(v + 4) (x + 1)? 
Die = 14 = (59 42 7) B= 4 Dao —3(x? + 8x + 25) 
69. ——____—__ 5 SS . ; Wl u 
(1 + x)(1 — x) a (x — 5)? ie (x — 7)(x + 6) x —- 6 x-1 (x — 3)(x + 7) 
19,2 
81a. eA iors b. 20000 dollars c. $128 
x BAGS a8 3) 
SECTION 6.4 
a 2 war 3 22a 4 13) ig 4p 2 © =e se 1 
1. — ; aera 5 : ae = : 
Oe ae ae 5x + 36 ee ees, eee De 
oP) je — i dy — | eee =98 =| Rae il 5 1 
19. ——= 21. 23. : 3 SS = a it 
oe ES) ie = te 2y 35 | Dre '5) 4x — 3 26x 2) 2 3 s3 se = || 
y+4 x+1 ye + x? 
35. 29-2) 37. ea 39. ri 
SECTION 6.5 
1 
ah, 3 By ll 7.9 9. 1 11. A As: is 3} 17. . 19. 8 2125 23. =1| 25-5 


27. No solution 29. 2 and 4 31. 4 and 3 33S 35. 4 37. 0 39. 3 41. 0 and -= 


SECTION 6.6 


2 
3, @) a, IL Tami 3:6 11. 1 1 =@ 15. 4 17. a 19. 20,000 voters voted in favor. 


21. The two cities are 175 mi apart. 23. The sales tax will be $97.50 higher. 25. 67.5) im. 27. There are an esti- 
mated 75 elk in the preserve. 29. The length of side AC is 6.7 cm. 31. The height of triangle ABC is 2.9 m. SEE Wie 
perimeter of triangle DEF is 22.5 ft. 35. The area of triangle ABC is 48 m’. 37. The length of BC is 6.25 cm. 

39. The length of DA is 6 in. 41. The length of OP is 13 cm. 43. The width of the river is 35 m. 45. The first 
person’s share of the winnings is $1.25 million. 47. The basketball player made 210 shots. 


SECTION 6.7 


thet = = Sie <p IG 3. y=4x - 3 oy Ge 1h) eo So y= —=x+ 2 tS 2H eae 


SS 
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Answers to Odd-Numbered Exercises A13 


2 
1329 = 34-58 IS eeer es © lina —6y + 10 19. x=5y +3 21.x=-ly +3 23. x = 4y + 3 











d [PY Pe 2W. 2A — hb 3V A 
25. ft =— 27. T= — le ee eee Ga = 
: on 29. | 5 31. b, 5 33. h 35. S=C-Rt 37: 2 ee 
A 1% SS VBA ‘ : : 
39. w= eat 41a. S= B b. The selling price per unit to break even is $180. c. The selling price per unit 


to break even is $75. 


SECTION 6.8 


3. It would take 2 h with both sprinklers working. 5. It would take both skiploaders 3 h working together. 7. It would 
take 30 h with both computers working. 9. It would take 30 min with both air conditioners working. 11. It would take 
the second pipeline 90 min to fill the tank. 13. It would take the apprentice 15 h to construct the wall. 15. It would 
take the second technician 3 h to complete the wiring. 17. It would have taken one welder 40 h to complete the welds. 
19. It would take one machine 28 h working alone. 21. In 2 h, the jogger ran 16 mi. 23. The rate through the con- 
gested traffic is 20 mph. 25. The rate of the jogger is 8 mph, and the rate of the cyclist is 20 mph. 27. The rate of 
the jet is 360 mph. 29. Her walking speed is 4 mph. 31. The rate of the car is 48 mph. 33. The rate of the wind 
is 20 mph. 35. The rate of the gulf current is 6 mph. 37. The rate of the trucker for the first 330 mi is 55 mph. 

39. The bus usually travels 60 mph. 


CHAPTER REVIEW 


bey Tx + 22 x-2 x+6 Dae 


























= ‘ ; oS : .—> [6.1A 

1. ra lortG| 2 60x [6.3B] 3 R10 [6.4A] 4 anes [6.1A] 5 3y7 [ ] 
(Gy — 2)? by? ce 
;. ; _ eS Se : 3 1B 9. 6.4A 
See iC) 8 Cp TAB) —— [644] 
3x7 — x 24x? — 4x? T — 2be 

: 6.2B 11. a = ———_ |[6.7A 12.2 [6.5A 

aie G0 Ce alles aCe) L6.2B] Cr cprageoey lad lee 
100m ; : 1 PLY) 
13. c =——__ [6.7A] 14. The equation has no solution. [6.5A] 15. 7) [6.1C] 16. By 7 [6.3B] 
bi 
: De Pee Aeen te 19¢y = -e eT Ay 208 (ene 

tee ge [6.3A] 18. (5x — 3)(2x — 1) (4x ) : 2 Sahat ; ane : 





21.5 [6.5A] 22. aA -2 [6.3B] 23. 10 [6.6A] 24. 12 [6.6A] 25. The length of QO is 15cm. [6.6C] 
= 


26. It would take 6 h to fill the pool using both hoses. [6.8A] 27. The rate of the car is 45 mph. [6.8B] 
28. The rate of the wind is 20 mph. [6.8B] 29. The pitcher’s ERA is 1.35. [6.6B] 




















CHAPTER TEST 
x? -— 4445 (x — 5)(2x — 1) Dice as 
——____—_—_ 5 = ‘ 3. ———————.. [6.1B 4. — [6.1A] 5. i= [6.7A] 
tes aye sD [6.3B] 2. -1 [6.6A] G@ £3)0xe-65) [6.1B] 3y3 : 
eae ALY ie es Ion Gh OEE eae 
6. 2 [6.5A] if Pare [6.1A] 5 NOH x ; el) Gea) : sian 
Kes 3x + 6 oe 2 nt ASS 8 
6.2B 13) ——— [63h 14. y=—=x-—2 [6.7A] 
| ie Lo [6.44] us x(x — 2)(x + 2)’ x(x — 2)(x + 2) [ | xe 5 l J as 
| 15. The equation has no solution. [6.5A] 16. a [6.1B] 17. The length of CE is 12.8 ft. [6.6C] 18. Two 
additional pounds of salt are required. [6.6B] 19. It would take 4 h to fill the pool with both pipes turned on. [6.8A] 
20. The rate of the wind is 20 mph. [6.8B] 21. Fifty-four sprinklers are required. [6.6B] 


CUMULATIVE REVIEW 


9) 
1. at [1.5B] 2e 2k niZ:tA) 3. 5¢@=— 2y ([2.2A] 4. —8x + 26 [2.2D] 5. ae, [3.2A] 6. —12 [3.3B] 
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78.10, (3:1D] 8. a’b’ [4.2A] 9. a? +ab—12b? [4.3C] 10536) — D432 145A] WW. x7 +2x+4 [4.5B] 





A14 Chapter 7 








12, (4c 4 1)Gx ad) [53AS3B). 18° G =6)G— 1) [5 2Almeiaee 2) carte ee 
3 = 
15. 4b — 5)(b +5) [5.4A/5.4B] 16. —3 and > [555 eee a [61a] 18 -—= [61a] 19.1 [6.1C] 
3 eS f= vy 
a . t= — [6.7A 
0. om ane [6.3B] 21. reo [6.4A] 22. 4 [6.5A] 23. 3 [6.6A] 24. t = [ ] 


25. 5x —-13=-8;1 [3.4A] 26. The 120-gram alloy is 70% silver. [3.6B] 27. The height is 6 in. and the base is 














10in. [5.5B] 28. A policy of $5000 would cost $80. [6.6B] 29. Working together, it would take the pipes 6 min to 
fill the tank. [6.8A] 30. The rate of the current is 2 mph. [6.8B] 
a Answers to Chapter 7 Odd-Numbered Exercises 
PREP TEST 
Tees) {PTS Bi) 721 AWN] So oe ene Av? (3.2A\| 5.5) [3:24 6.—2 [3.2A] 
7.—4% +5 ([4.5A] 8.4 [6.6A] 9y= = = 3 16377 10. y = -5x = 5 [6.7A] 
SECTION 7.1 
ee ree Bs Deer ier ee 5 noe 
Pa aeon ieee re Al fe ovnaeas 
Sedguaeea Ruaecececee proces 
4 S; 0 ; Hee : Bteeel aie eT 80 ener 
ne ee @ eo aes 
lees cleun ass oe 











PaPACIS(OS) poas (40) Gus (—4l) and Dis 22). 9) A is (—2;5), B 1s G;, 4), C1s (©, 0) and Dis (—3,, 2): 


11a. The abscissa of point A is 2. The abscissa of point C is —4. b. The ordinate of point B is 1. The ordinate of point 




















DAS So. 15. Yes 17. No 19. No 21. No 7k Yo Se NES Rf 25. 
eee 
{oo ime 
242870 pe 
Eh gael 
ee! s 
At Sa ee 29. {(24, 600), (32, 750), (22, 430), (15, 300), (4.4, 68), (17, 370), (15, 310), (4.4, 55)}; No 
Gear 
pected 24. 2) : 
3.0), er 
=4 SON 2 1 4 
= 
" | 
Sao ZO) (1 5235 27) GLO S) (ZONA Zor) alent 2) (7a 1 113) No 33. Yes 35. No 37. Yes 39. 8 
41. 9 43. 2 455 — 47. 22 49. -> 51. —7 
SECTION 7.2 
1. 
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Answers to Odd-Numbered Exercises A15 












































33. 37. After flying for 3 min, the helicopter is 3.5 mi away from the victims. 


oO 














Distance (in miles) 
nN b oa co 





me od 
Time (in minutes) 


39. A dog 6 years old is equivalent in age to a human 40 years old. 


Human age (in years) 





10 20 
Dog’s age (in years) 


SECTION 7.3 

1. (3,0), (0, -3) 3. (2,0), (0, -6) 5. (10,0), (0,-2) 7. (—4, 0), (0,12) 9. (0, 0), @, 0) _~—11. (6, 0), (0, 3) 
1 5 

Come 18. eedbereere: d7: 7 Ree Mee Soc mer he 

















27. Undefined 29. Zero 31. “5 33. No B55. xes 37. Yes 39. m = 620. The sales of ebooks are 
2 : 
increasing by $620 million per year. 41. m = —0.3. The inflation rate declined 0.3% per year. 43. m= 3 (Ox) 


1 
AB/irjoae -2, 0,2) 47. m= , (0,0) 





A16 Chapter 7 






































\ 

49. 
57. | 65. Yes 
SECTION 7.4 

1 3 3 1 5 
y= _y=-3x- yrs _y=—x- y=r-s -yHrxte 
3. y=2x+2 5. y oye = Il Us: 3% 37 Sh ay 4% 5 11. y 5% 13. y Faas 

2 1 3 3 5 

15. y=2x — 3 Ales = = 253) y= 3% 21. y=5x +2 23. y= —7x—-2 cae are es 


27. The number of job openings for graduates with 
4-year degrees is increasing by 4.8 million per year. 


aD 
Oo 


wn 
o 


+ 
o 





Job Growth (in millions) 


w 
So 





(Wea ok ink Gace Sai a 
Year (x =0 corresponds to 2001) 





29. The amount spent by a family in restaurants is increasing 
by $80 per year. 


y) 





2000 fF 
1900 J i. A 


1700 } 


Annual restaurant expenditures 


OMEGA IG 





























Year (x = 0 corresponds to 1999) 
3 2 5 
31. No 33. Yes 35. 5) 37. n= —-5 39. y= ee ae 3 
CHAPTER REVIEW 
1. a. 2. Sh = See ST] 
hen [7.1B] 
b. The abscissa of point A is —2. 
c. The ordinate of point B is —4. [7.1A] 
5 
4. y= mae +16 ([7.4A] 5. 6. 7. No [7.3B] 
[7.2A] [7.2B] 
2 itl 

82 =1" [71D] 9.y= “a. St cy [7.4B] IO Yess li7al@] 11. < [7.3B] 125 (870) (0; = 12), Shes 
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Answers to Odd-Numbered Exercises A17 


13. 0 [7.3B] 14. 





16. 




































: 73 Gl 
17. 
| [7.2A] em PASE] Sees [7.2B] 
20. {(55, 95), (57,101), (53, 94), (57, 98), (60, 100), (61, 105), (58, 97), (54, 95)}; No [7.1C] 
21. The cost of 50 min of access time for 1 month is $97.50. Ce 
F100) 
& 
Cabal 
& 50} 
g 
30 ~~ «100 
Minutes Ze] 
22. The average annual cost of telephone bills for a family is increasing by $34 per year. Bas 
e 850 
2 
= 800 
750} 
5 
Be 700 | fo Bonen nnnnsins 
2 [7.4C] 
650 eee 
(eNT aT SE 
Year (x = 0 corresponds to 1999) 
CHAPTER TEST 


ik (@,=3)) es} 2. Sopa eece s} Wes [L7G ilC] 4. f(2)=6 [7.1D] 5. FG 3. aD 





6. {(3.5, 25), (4.0, 30), (5.2, 45), (5.0, 38), (4.0, 42), (6.3, 12), (5.4, 34)}; No [7.1C] 7. 








[7.2A] 











[7.2B] [7.2B] 








A18 Chapter 7 


11. 12. 13. After 1 s, the speed of the ball is 96 ft/s. [7.2C] 














Speed (in ft/s) 


[7.3C] [7-3] 











|< -paeeeee! 
Time (in seconds) 


14. The slope of the line is 0.46. The average hourly wage is increasing by $.46 per year. [7.3B] 


15. a The average annual tuition for a private 4-year college is increasing $809 per year. [7.4C] 
16,000 | oo, 


15,000 fo: 
14,000 Jory 


13,000 ff 


Tuition costs (in dollars) 


12,000} 





OMI nO UmEauas 
Year (x =0 corresponds to 1995) 


16. (2,0), (0, —-3) [7.3A] Ws (250) Oi) (Sv 18. 2 [7.3B] 19. Yes [7.3B] 20. Undefined [7.3B] 


21. -= (73B] 22. y=3x-1 [74a] 23. y= Sx4+3 [740] 24 y= 21-7 [7.48] 

Gare -=5 -3 [7.4B] 

CUMULATIVE REVIEW 

1s=io (SB) - 2. -2 Daa] 3. fl—2)= 4 [71D] 4. : BoA 5: a [3B] 6. = [1.4B] 

7. —32x4y’ [42B] 8 —322 [44A] 9. x43 [45B] 10 5(x+2)(x+1) (5.2B] 11. @+2)(¢+y) [514] 
12. dando "[SSA) 2131 zee [6.1B] 14. —>— [63a] 15.2 [65A] 16. y=Sx-3 [6.74] 


Wh (]2,=5)) ay 18. Zero [7.3B] 19. y= > =2 ([6.7Al 20. y= —-3x +2 [7.4A] 


21. y=2x+2 ([7.4A] 22. y= Sx = 3) (7-4 Al 23. The sale price is $62.30. [3.2B] 24. The measure of the 
first angle is 46°, the measure of the second angle is 43°, and the measure of the third angle is 91°. [3.5C] 25. The value 
of the home is $110,000. [6.6B] 26. It would take 3 h with both the electrician and the apprentice working. [6.8A] 


Cl [Pearce es nl 28. 

















[7.2A] Cae 4 he : Poe! 
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Answers to Odd-Numbered Exercises A19 


& Answers to Chapter 8 Odd-Numbered Exercises 


PREP TEST 


3 
ly= Tie 6 [6.7A] 2. OF [3:3B] 3: 35y > [22D] 410% = 10" [22D] 5. Yes [7.1B] 


6. (4,0), (0, -3) [7.3A] 7. Yes [7.3B] 8. [7-3@] 9.5 ml [3.6B] 10.1.5h [3.6C] 





SECTION 8.1 


ih Ic Ua. b Son(2s ail) 5. Dependent. The solutions are the ordered pairs that satisfy y = — =x ae il. Tame 
system of equations is inconsistent and has no solution 9. (-2, 4) 11. Yes 13. No 15. Yes 17. Yes 


19. 21. 








27. 

















35.) 2 OFS 39a. Sometimes true b. Always true c. Never true 
d. Always true 


43. Answers will vary. 








SECTION 8.2 
Ber (2710) 5. (4, 1) Ie (Si) 9. The system of equations is inconsistent and has no solution. 11. The system of 
equations is inconsistent and has no solution. 13. e. = 15. (1, 1) Ai7ea(23.0) 19. (1, —2) 21. (0, 0) 


23. The system of equations is dependent. The solutions are the ordered pairs that satisfy the equation 2x — y = 2. 

25. (—4, —2) 27. (10, 31) 29. (3, —10) 31. (—22, —5) 33. $1900 should be invested at 5% and $1600 should 
be invested at 7.5%. 35. $3600 must be invested at 6% and $2400 must be invested at 9%. 37. $4400 should be 
invested at 8% and $1600 should be invested at 11%. 39. There was $21,000 invested at 6.5%. 41. There was 
$12,000 invested at 8% and $8000 invested at 7%. 43. There was $3750 invested in the second trust deed. 45. You 
must dry 185 loads of clothes. 47. 1 49. The assertion is not correct. The system of equations is independent. The 
solution is (0, 2). 51. The research consultant invested $45,000. 53. The simple interest earned was $400. The 


interest earned when compounded monthly was $415. The interest earned when compounded daily was $416.39. 





A20 Chapter 8 


\ 
SECTION 8.3 
1.(5,-1) 3.(1,3) 5. (1,1) 7. (3,-2) 9. The system is dependent. The solutions are the ordered pairs that 
satisfy the equation 2x — y = 1. ith 3, 10) 13. The system is dependent. The solutions are the ordered pairs that 


Ze il 


2 9 
3° ,) 17. (2, 0) 19. (0, 0) Zi; (Gi, =2)) 23. ls =| 


satisfy the equation 2x — 3y = 1. 15. ( 19’ 19 


25. @ =) 27..(1, 1). . 29. No.solution; ., 31,G)1) | 33.(€1,,2) 35.0, 1) 3 A= 3 B= al 


41a. k=1 b. k=5 CH 


SECTION 8.4 
1. The rate of the whale in calm water is 35 mph. The rate of the current is 5 mph. 3. The rowing rate in calm water 
is 14 km/h. The rate of the current is 6 km/h. 5. The rate of the jet in calm air is 525 mph. The rate of the wind is 


35 mph. 7. The rate of the helicopter in calm air is 225 mph. The rate of the wind is 45 mph. 9. The rate of the 

canoeist in calm water is 6 mph. The rate of the current is 1 mph. 11. The wheat flour cost $.65 per pound, and the rye 
flour cost $.70 per pound. 13. Reagent I is 25% hydrochloric acid; reagent IT is 35% hydrochloric acid. 15. There were 
12 gal of 87-octane and 6 gal of 93-octane. 17. There are 1 nickel and 2 dimes or 3 nickels and 1 dime. 19. There were 


12.5 acres of good land and 87.5 acres of bad land. 


CHAPTER REVIEW 


1. Yes [8.1A] 2. No [8.1A] 3. = 
Oo] 
: solution 












mx 

















._4/ Dependent 


[8.1A] [8.1A] [8.1A] 
6; (= 1, i)" 8: 2A (CS) TSN) 8. (-3,1) [8.3A] 9. iF 3) [8.3A] 10. The system is inconsistent and 


has no solution. [8.2A] 11. (1,6) [8.2A] 12, (Cl, Sy) SSN 13. The system is inconsistent and has no 
solution. [8.3A] 14. The system is dependent. The solutions are the ordered pairs that satisfy the equation 


4 : 
ane ® +4. ([(8.2A] 15. (—1, —3) [8.2A] 16. The system is dependent. The solutions are the ordered pairs that 
1 
satisfy the equation 3x + y = —2. [8.3A] 17. G =A [8.3A] 18. The rate of the sculling team in calm water was 


9 mph; the rate of the current was 3 mph. [8.4A] 19. There were 1300 shares at $6 per share and 200 shares at $25 
per share. [8.4B] 20. The rate of the flight crew in calm air was 125 km/h; the rate of the wind was 15 km/h. [8.4A] 
21. The rate of the plane in calm air was 105 mph; the rate of the wind was 15 mph. [8.4A] 22. The number of ads 
requiring $.25 was 130; the number of ads requiring $.45 was 60. [8.4B] 23. There was $7000 invested at 7% and 
$5000 invested at 8.5%. [8.2B] 24. There were 350 bushels of lentils and 200 bushels of corn. [8.4B] 25. There 
was $165,000 invested at 5.4% and $135,000 invested at 6.6%. [8.2B] 


CHAPTER TEST 


1. Yes [8.1A] 2. Yes [8.1A] 3. 4. (3,1) [8.2A] S(1,.=1) [8:2A] 








[8.1A] 
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22 5 
(pS 1h) AN Te (7 =| [8.2A] 8. The system is inconsistent and has no solution. [8.2A] 


1 
S52) 1) fs3Al 10. e — 1) [8.3A] 11. The system of equations is dependent. The solutions are the ordered pairs 


that satisfy the equation x + 2y = 8. [8.3A] 1272; —=1). [8.3A] 13. (1, —2) [8.3A] 14. The rate of the plane in 
calm air is 100 mph. The rate of the wind is 20 mph. [8.4A] 15. The price of a reserved-seat ticket is $10. The price of a 
general-admission ticket is $6. [8.4B] 16. There was $15,200 invested at 6.4% and $12,800 invested at 7.6%. [8.2B] 


CUMULATIVE REVIEW 
3 
1.5 (21a) 2. -3 [3.1C] 3. f(2)=7 [71D] 4. —6a? + 13a?- 9a +2 [4.3B] 5. —2x5y? [4.4A] 


1 4 
Ge; (458) 7. 2s [4.44] 8. 4y*(xy — 4)(xy + 4) [5.4B] 9. 4and—-1 [5.5A] 


ee a6 2 eee 3 1 A J p 
HO 2 toch 7) Ft. et ee ee: eee ae a goscwk 
[6.1C] (x — 1)(« + 2) fesBir, 12 scarp ke Vigi: = LOA) TA at £6, 08 


15. The x-intercept is (6, 0), and the y-intercept is (0, —4). [7.3A] 16. -2 [7.3B] 17. y= -23 [7.4A] 


18. Yes [8.1A] 19-5691) WIsSBal 20. (4, —3) [8.3A] 21. The amount invested at 9.6% is $3750. The 
amount invested at 7.2% is $5000. [8.2B] 22. The rate of the freight train is 48 mph. The rate of the passenger train is 
56 mph. [3.6C] 23. A side of the original square measures 8 in. [5.5B] 24. The rate of the wind is 30 mph. [8.4A] 











27. The rate of the boat in calm water is 14 mph. [8.4A] 28. 35.3% of the mixture is sugar. [3.6A] 


a Answers to Chapter 9 Odd-Numbered Exercises 


PREP TEST 


ioe [ele At Qe 22D] 3. The same number can be added to each side of an equation without changing 
the solution of the equation. [3.1B] 4. Each side of an equation can be multiplied by the same nonzero number with- 


1 8 
out changing the solution of the equation. [3.1C] 5. 0.45 1b [3.1D] 6. = [3.2A] 7. wy [3.2A] 


8324 (3:38) oO} See 2 eae 10. 

















[7.2A] oo oe 


SECTION 9.1 


Sy A = 4S, 7 AIG AO oa ay zh a Lh NSS aS at 7. A= {b, c} 9. AUB = {3, 4, 5, 6} 
11. AU B ={-10, —9, —8, 8, 9, 10} 1aAWONBs—anb cramer) 1, AU Si, SW, hh, ey 
17. AN B= {4, 5} 19. ANB=©6 24 AGED — 1c dre} 23. {x|x > —5, x © negative integers} 
25. {x|x > 30, x € integers} 27. {x|x > 5,x © even integers} 29. {x|x > 8, x € real numbers} 


+++ + 4+ 4+ ++ ete HH + 35. 
a1. -5-4-3-2-1012345 ae -5-4-3-2-1012345 S5=4=3-2-1 0 112 3 4 5 





A22 Chapter 9 


=f Ht SSS : : 
</ eaees SPR To ay a 39 pbb a ies wana Ee Ala. Never true —_b. Always true  ¢. Always 


true 43a. Yes b. Yes 


SECTION 9.2 
: timmy} ff fe 
Wx<2 =SB= Oil 2D Ge pie a SAS 3--i1 O 1 2 3 45 
Se eShops ie =. ee et 9.x<1 11.x=-3 
-—5-4-3-2-1 0123 45 —-5—-4—-3=2-1 012345 1 
135.7 =)—9 Wy se ly? Tc = 5 1s i Pile oe = 1N0) 2350 = 0 P4\) G82 wd 27.d<-= 
31 5 5 5 
_x2=-— eee Ree eas _x>— A —3, Lao — 12 41. « <= 5.6 
29. x= 4 31. x 3 33 i 35 74 37. x < -—3.8 39. x 1 x 
43. <<" GH HH C~=TF <4 45, ~+++4+4+ 4+ + + ++ + Cp S33 
—5-4-3-2-1 012345 -—5-4-3-2-1 012345 
ef ee Et at tt} tt 4 Ht = 
47. SSS =V='il O il Bs BS soe 49. SHH G—P—il 0. il P Sy aie a<—l 
ee asl 53, yD Se cE > | STacck = SS 6b Siege 
=Sada 8 WaihO i WB chs f il 2 


63.4% = —14 65,20 = 21 (Aa 2 0) 69.1 =-= Nx > 73. x= TAR GOSS ese VD SEES 


(Sea 5 81. The team must win at least 11 more games to qualify for the tournament. 83. The organization must 
collect more than 440 lb of aluminum cans to collect the bonus. 85. The person needs at least 50 mg of vitamin C. 


87. The student cannot earn an A grade for the course. 89. {c|c > 0} 91. {c|c © real numbers} 93. {c|c > 0} 


SECTION 9.3 

5 25 11 
1x <4 Sh ge Se =U) Gy ge il Ti Se Sh, 2 <= O Ma. 0) i= 15. «<77 ste 
19. x =6 21. The agent expects to sell at most $20,000. 23. To exceed the $10 fee, a person must use the service 
more than 60 min. 25. The maximum amount that can be added is 8 oz. 27. The distance to the ski area is greater 


than 38 mi. 29. {1, 2} 31. {3, 4,5} 33. {x|x € real numbers} 


SECTION 9.4 



































17. 23.035 








CHAPTER REVIEW 


1. x= 18) [9:2A] 2,ANB=@0 [9.1A] 3. {x|x > —8,x € oddintegers} [9.1B] 
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ana 12,4, 6)8, 10) 191A] 5. A={1,3,5,7} [9.1A]) 6. x=4 [9.3A] 
. ete 4+ + HY asses 
[Se eR is Sata 45 ee 41934) 9. ye 





[9.4A] 


Wi ae 3 0B 2842 2) 
1) El | eae = -456-2=1, 091 253)4 55 Eg 


10. 






a [9.4A] 


13. AN B= {1,5,9 9.1A soto HH —++++++++++ HH + +++ 
{ io ] = s§ad=8—2=ail @) il WB A [9.1C] Ue SHB Mail M i DB 3 2 & [9.1C] 


{ek ee ey Carey eel Sas AN 18. x <5 [9.3A] Ih se < -= [9.2B] 


20. y 
21.x 24 [9.3A] 


. ris [9.4A] 
22. Five or more residents make florist B the more economical choice. [9.3B] 23. The minimum length is 24 ft. 


[9.3B] 24. The smallest integer that will satisfy the inequality is 32. [9.2C] 25. The lowest score the student can receive 
is 72. [9.2C] 


CHAPTER TEST 


, sete a. 
1 Severo sae oe AB DALE? ak [9.1C] 2. {x|x < 50, x € positive integers} [9.1B] 3. A = {4, 6, 8} [9.1A] 


Ay == 210 Bad ue 5, x>s [9.2A] 6. RHE EEE OIC] «7. < -1 [9.34] 


=5-4 321-0 2st 4S 


8. {x|x > —23,x € real numbers} [9.1B] abe olin LL! Pasar cent arte er 





[9.4A] [9.4A] 


40 
= ; ws} ee} ! : es : 
11. AN B={12} [9.1A] AZ aS HS i SE es 5 ee [9.2A] 130% 2 3 [9.2B] 


22 E 
pose — . . = 7 . . 
4.x< : [9.3A] 15 se 3 Sa er a a We cea ate [9.2B] 16.x=-4 [9.3A] 17. The child must 


grow at least 5 in. [9.2C] 18. The maximum width is 11 ft. [9.3B] 19. The allowable diameters are between 
0.0389 in. and 0.0394 in. [9.2C] 20. The broker processed less than or equal to $75,000. [9.3B] 


CUMULATIVE REVIEW 


1 
#404 — 928 [2.2D] 2. ‘ [3.2A] 3. 4 [3.3B] 4. —12a’b* [4.2B] 5. ae [4.4A] 





ee Se eo 1b) 6h 3aGx = 1)Ge 41) Ieael 19, —2— [6.1C) 
4% — | Geese J 
18a 5 7 
7 ae Pe ies 12 O= SRP (o7Al 19. = [7 3B] 
Wa ey eel es [6.7A] rf 





A24 Chapter 10 


tae -Sx _ [74A] 15. (4,1) [BOAT 16. 4) BAL 47) hOB = 10, hoo 
ep he E 
18. {x|x < 48, x € real numbers} [9.1B] 19. oe [9.1C] 


2 —). ror all 21.x<-—15 [9.2B] 22.4.2 [9:34] 


SE 4=3=9=( (Omi 2536405 
23. {x|x < —26,x € integers} [9.2C] 24. The maximum number of miles is 359. [9.3B] 25. There are 5000 fish in 
the lake. [6.6B] 26. The measure of the first angle is 65°, the measure of the second angle is 35°, and the 
measure of the third angle is 80°. [3.5C] 27. 








[9.4A] 





[7.2A] 


e Answers to Chapter 10 Odd-Numbered Exercises 


PREP TEST 


1.—14 [1.1B] 2. =2x-y = day? [2.2A] Sh WAY [foie] 4. : [3.3A] 5. x° [4.2A] 


CARe: 


LY 
9 





6. x? + 2xyby* 44.3D] wane > 1x + 948 [ 43D] 8. 4-9’ [4.3D] 9.a°—25 [43D] 10. [4.4A] 


SECTION 10.1 


S74 9657  7.4V2> ~9,2V2 18 182 13. 10V10- «15. V15 ~—«17.-V29.—s-:19. — 54a e2aeens 
23.0 25.482 27. 15.492 29. 16.971 31.16 33.23 35. yVy 37. a 39. x4? 41. 2x? 
43. 2xV6 45. 2x°V15x 47. Ta2b* 49. 3x2? V2xy 511. 2x*yV/10xy = 58. 4a*b>V/5a S55. Ba VW 

57. ey 59. 8ab?>V5b «G1. 6x*y?V3y «6B. 4x'yV2y «BW Sa + 4) or5a +20 ~~ 67. 2(x + 2) or 

2x? + 8k + 8 69) x + 2 Taye 73a. 12V5mph _ b. 46 mph 75. No. For example, V4 +94 V4+ V9. 
77. No. V'18 still contains a perfect-square factor. 6V2 79a. 1 b. 3 c. 3V3 


SECTION 10.2 


19.2,20,50 5. 3V28 7e—V7i— 9. -11iVil We lOVs 13. —2Vy 915.--11V3b 17. 202 
19. —3aV3a 0s -21. -5Vxy = so 28. 8V5— BL 8V2— 27. 15V2-10V3 9029. Ve 8311. -12e V3 

33. 2xyVx — 3xyVy 35. —9xV3x 87. -13y?V2y = 39. 4a*b?*Vab 41. 7V2— 48. OVE 45 = 3. 
47. -45V2 = 49. 13V3 -12V5—s 551. 32V3 - 3V11 53. 6Vx 5B. — 343x557. 10a V3 + 100/55 
59. —2xyV3 Ss 61. 52 


SECTION 10.3 


35 S69 7.x 9.2°y “AT BabV 2a 18. 12a Vb 18. 2=- V6 17.2= Vey 1995V2 = se 
2104 2 M0 28.2 -6Ve +9 ~~ 25)Ga 3a (2i,labe™ 29. =2 4.0/5 BING Oye 
33. 6x + 10Vx — 4 35. 15x — 22yVx + 8y’ 37a 41. 3 43. 4 45. 6x? 47. 2x°V2y 





2V 3. = aa 
49. 4xVy 51. a 53. ae 55. Ee 57. we pee Bes uae 
14 —9V2 Vy tyVx 
63. mr ee 65. V15 + 2V5 67. a = se 69. 4\6 + 12 71. The complete solution is available in the 


Solutions Manual. 
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SECTION 10.4 


125 3. 144 5.5 7. No solution Ch =I idea 13. 15 15. : 17. 45 19. No solution 


21. The pitcher's mound is less than halfway between home plate and second base. 23. The periscope would have to be 
16.67 ft above the surface of the water. 25. The height of the TV screen is 21.6 in. 27. The child is 18.75 ft from the 
center of the merry-go-round. 29. The perimeter of the triangle is 30 units. 33. The area of the fountain is 244.78 ft?. 


CHAPTER REVIEW 


1,3. [10.3A] 2. 9a°V/2ab [10.1B] 3.12 [10.1A] 4. 3aV2 + 2aV3-([10.3A] 5. —xV3-—xV5 [10.3B] 
6. —6V30 [10.1A] 7. 20 [10.4A] 8. 20V3 [10.1A] 9. 7x’y* [10.3B] 10. No solution [10.4A] 
11. 18aV5b + 5aVb [10.2A] 12. 20V10 [10.1A] 13. 7x’*yV15xy [10.2A] 14. 8y + 10V5y — 15 [10.3A] 


15. 26V3x [10.2A] 16. No solution [10.4A] 17. a [10.3B] 18. 36x°y°V3xy [10.1B] 
= 


3 
19. 2y*V6 [10.1B] 20. 5 [10.4A] 21. 6x y' V2y: [10:2A) 22. ane [10.3B] 23. The explorer would 


weigh 144 lb on the surface of Earth. [10.4B] 24. The depth of the water is 100 ft. [10.4B] 25. The radius of 
the sharpest corner is 25 ft. [10.4B] 


CHAPTER TEST 


ilizy (1018) 4 2. 6xyVy [10.3A})) .34-5V2 [10.2A]  4-3V5 [fO.1A]-% 5.9m [10BRI 
6.25 [104A] 7. 4a*b°V2ab [10.1B] 8. 7abVa [10.3B] 9. V3+1 [10.3B] 10. 4x’y*V/5y [10.3A] 
11. No solution [10.4A] 12. 21V2y — 12V2x [10.2A] 13. 6x5yV2x [10.1B] 14. y+2Vy—15 [10.3A] 


15. —2xyV3xy — 3xyVxy [10.2A] 16. ae88 [10.3B]. 17.a—Vab [103A] ~ 18. 5V3 [10.1A] 


19. The length of the pendulum is 7.30 ft. [10.4B] 20. The larger integer is 51. [10.4B] 


CUMULATIVE REVIEW 





a Ss [1.5B] Zee See22D)| 3. s [3.3B] 4. 6x°y° [4.2A] 5. —2b7+ 1- ¥ [4.5A] 
= Thee 5) — 3) (5:2B] 8 ! [6.1B] 9 ae? [6.3B] 10 > [6.5A] 
6. f(—3) = 1 [7.1D] . 2a(a Y(a ) ; Die) , easy ; 3 4 


Mis y = 5e —2 [7.4A] Wall, 1) Abe) 1s (3, 2) jessy] 4.x -5 [9.3A] 15. 6V3 [10.1A] 


16. —4V2 [10.2A] 17. 4abV2ab —S5abVab [10.2A] 18. 14a°b*\V/2a [10.3A] 19. 3V2 —xV3 [10.3A] 

20. 8 [10.3B] 21. -6 — 3V5 [10.3B] 22. 6 [10.4A] 23. The book costs $24.50. [3.2B] 24. 56 oz of pure 
water must be added. [3.6B] 25. The numbers are 13 and 8. [5.5B] 26. Working alone, it would take the small pipe 
48 h to fill the tank. [6.8A] 2752, 1) 28. > He 





[8.1A] [9.4A] 


29. The smaller integer is 40. [10.4B] 30. The building is 400 ft high. [10.4B] 





| 
: 
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@ Answers to Chapter 11 Odd-Numbered Exercises 


PREP TEST 


1.41 [2.1A] 2. = [3.2A] 3. @+4)@ —3) [5.20] 4. (2x — 3)? [5.4A] 5. Yes [5.4A] 623 165A) 


8.2V7 [101A] 9. |a| [10.1B] 10. 3.6 mi [3.6C] 











[7.2A] 


SECTION 11.1 


1. —3 and 5 3. -2 and 3 5. —5 and 3 Tela 9. —1 and —2 dees 13. 0 and 5 15. —2 and 5 


2 1 2 1 3 1 1 1 
17. 3 and 1 19. —3 and 3 21. a 23. => and 5 25. 5 27. —3 and 3 29. 5 and 5 31. —3 and 5 


3 


33. 1 and5 35. —6 and 6 37. —l1 and1 39. -2 and 41. a and = 43. er and = 45. No real 


7 12 
number solution 47. —2V/6 and 2V6 49. —5and7 51. —7 and —3 53. -5 and ry 55. a and ia 


57. 4+ 2V5 and 4 — 2V5 59. No real number solution 61. 3 + 2/3 and -2 = 23 63: 19 a2 3 


65. The annual percentage rate is 8%. 67. Yes 


SECTION 11.2 


Di 2 
1. x? — 8x + 16, (x — 4) 3. x7 + 5x + ay (x + |) 5. 1 and —3 7. 8 and —2 9. 2 11. No real number 











4 2 
solution 13. —1 and —4 15. —8 and 1 17. -2+ V3and-2-V3 19. -3 + V14and -3 —- V14 
Pil eA Pande) 23. 5 ie te = Eos end 27 ae and ve 
34+ V29 = \W/ i) ap Ay —VvV 

29, =5 = 4/2 and —5 —4V2 31. Z and 3 5 a2 33. ; al and : 5 a 35. No real number solution 

1 & 1 3 red * 1 2 1 3 
37. 1 and 5 39. —3 and 5 41. 2 and 5 43. 1 and 45. —2 and 3 47. —2 and a 49. 5 and <5 

1 3 i 4 ; 

51. e and nS) 53s S and 3 55. —5.372 and 0.372 57. 1.712 and —3.212 59. —1.151 and 0.651 


61.1+V7and1—V7  63.0and-1 65.4+V3and4- V3 _ 67. Oand8 pV ag 


71. The ball will hit the ground in 4.81 s. 
SECTION 11.3 
1. —land5 3. —3 and!'5 5. —l1 and 3 7. —5 and 1 9. Ss and 1 11. No real number solution 


3) 3 5 3 
13. 0 and 1 15. and 5 17. ccs and 5 19. No real number solution 21. 1+ V6and 1 — V6 





99) 3.0 and 3 V0) 25. 2+ Vi3 and2 —/ 13 ao and — 2 29. S 31. No real 


-4+V5 S45 1+2 = = —5 - 
5 and 5 35. a ae 37. aud a 





number solution 33. 
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39. 5.690 and —3.690 41. 7.690 and —1.690 43. 4.589 and —1.089 45. —2.118 and 0.118 47. 1.105 and 


—0.905 51a. False b. False c. False d. True 53. —3 and —4 55. No real number solution 


57 leancett 59. After 2 h the distance between the planes is 1000 mi. 


SECTION 11.4 
1. Down 3. Up 5. 4 






































27. (—6,0), (1, 0); (0, —6) 29. (—6,0); (0, 36) 

















31. (-2 — V6,0), (—2 + V6, 0); (0, =) 33. No x-intercepts; (0, 1) 35. LE 


5 0) (5,0); (0, 15) 
Sore eS 0) (= VV 38 


37. 5 ; 0) ; (0, 2) 39. y = 3x7 + 6x +5 41. y = 3x” — 6x 43. (—1,0), (0,0), (5,0) 





6 
AS. (—3,,0), (= 1, 0); (1507 


SECTION 11.5 


1. The length is 4 m; the height is 10 m. 3. The length of the batter’s box is 6 ft; the width is 4 ft. 5. The length of 
the pool is 100 ft; the width is 50 ft. 7. The hang time is 5.5 s. 9. The maximum velocity of the car is 78 ft/s. 

11. The radius of the large pizza is 7 in. 13. The first computer alone would take 35 min. The second computer alone 
would take 14 min. 15. The first engine alone would take 12 h. The second engine alone would take 6 h. 


17. The rate of the plane is 100 mph. 19. The pizza would cost $24. 


CHAPTER REVIEW 


ed ital «2. ~2 and 2 Mimieiin ae oad (111 Al a. 406 ana tt [113A 


e 
3 
5. —4 and 5 [11.2A] 6. 2 and > [11.1A] 7. -2-—2V6and -2+2V6 [11.1B] 8. land > [11.3A] 


9. ~Sand 3 [11.1A] 10. No real number solution [11.1B] 11.2 =~“\/Srand2? = 73. 112A) 


, Sheed and av N22 [11.3A] 13. No real number solution [11.2A] 14. —7and—-10 [11.1A] 


12 5 5 





[11.2A] 17. No real number solution [11.3A] 





15. —land2 [11.1B] 16. and 


-4-— V23 —4+ V23 
2 2 





A28 Final Exam 


18. —2 and -> [11.3A] 19. we 74 | Se, To Al 





3 
































: ; [11.4A] [11.4A] 
21. ee ee 22. 
cents 
mito 2 te -4 = an =An eon 0 eiwos 
=2 ; AN 
iB [11.4A] kar [11.4A] | c [114A] 


24. x-intercepts: (—3, 0), (5,0); y-intercept: (0,-—15) [11.4A] 25. The rate of the hawk in calm air is 75 mph. [11.5A] 


CHAPTER TEST 


1. 6and—-1 [11.1A] 2 -4 and 2 [11.1A] 3. QOand10 [11.1B] A =445 NS and —4 12 Sees) 




















3 ee NET oe e/a 7 3-V7 

Bl OV Sand 2 OVS TllcAT 6 “5 SD : oe TA eee 547 and Sata 
LS ey, 54 BA VJ Ver 

8. and 5 Se (Meal 8-24) 2and=2 = Vz [11-3A1) 10. — = and= 5 = [113A] 

a; -5 and 3 [11.3A] 12. a = and > [11.3A] 13. 








[11.4A] 


14. x-intercepts: (—4, 0), (3, 0); y-intercept: (0,-12) [11.4A] 15. The length is 8 ft. The width is 5 ft. [11.5A] 
16. The rate of the boat in calm water is 11 mph. [11.5A] 


CUMULATIVE REVIEW 








il, =Leke ae QI PID) 2. ; [3.1C] 3.3 [3.3B] 4. —12a°b* [4.2B] is Gear 2 = aael 5 [4.5B] 
y= 
9x?(x% — 2)? x+2 oe Al 
5 = alr ; ; i oe ; - : 
6. x(3x — 4) + 2) [5.3A/5.3B] 7 (x — 3° [6.1C] 8 0+ 1 [6.3B] 9. ane [6.4A] 


10. The x-intercept is (3, 0), and the y-intercept is (0, —4). [7.3A] 1. y= - 35 = 2 AHN] TZ rt) eecAll 


4302, 2) 11 8.3A] 14. x > 2 [9.3A] 15.a—2 [103A] 16. 6abVa [10.3B] —— [10.3B] 





1 = \/ asap) aes 
18.5 [10.4A] 19. > and = [111A] 20.5+3V2and5—3V2 [111B] 21. = sl a! ; tom 


1 
22. 2 and 5 [11.3A] 23. The cost of the mixture is $2.25 per pound. [3.6A] 24. 250 additional shares are 


required. [6.6B] 25. The rate of the plane in still air is 200 mph. The rate of the wind is 40 mph. [8.4A] 26. The 
student must receive a score of 77 or above. [9.2C] 27. Theintegenis —5.015, ail i5A) 28. The rate for the last 8 mi 
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was 4mph. [11.5A] 29. 30. 














[9.4A] [11.4A] 


FINAL EXAM 


ts =e) leme3) 2 On Wle2 Bi Sie. One Al 4. —-11 [1.5B] 5. -2 [2.1A] 6. 9x + 6y [2.2A] 


7. 6z [2.2B] Salon 52) 22) OF = 503 tC] 105, —3) [3°3B] 11. 12.5% [1.4B] 125iSe2 SIS alD)) 
13.9332 =.3% 4:8. [4.1B] 14. 81x*y" [4.2B] 18. 6x° + 7x? —7x = 6 [438] 16. -2 [4.4A] 


3x 5 23 6 


4 
17. —- 4? -= [45a] 18. 5x — a - 
pre om [4 5al Pietra IG5Bl 19.2 [44a] 20.5 17.10) 


6 


Bilw 


ZI Gs O41) [5.2A] 22, (3x + Z)(2x — 3) ([5.3A/5.3B] 23. 4x(2x — 1)(x — 3) [5.3A/5.3B] 


24. (5x — 4)(5x + 4) [5.4A] 25. 2(a + 3)(4—x) [5.1B] 26. 3y(5 — 2x)(5 + 2x) [5.4B] 27. 5 and 3 [5.5A] 


28. 





pee 0 oa, 16 SB)" 30! 





AGS ae I) = 372 eae 5 Ae So Pe 
=a —— == VissAl i sie? (OSA) 1632, a=5 [o7Al 


2 2 
33. z [7.3B] 34. y= ae 2 [7.4A] 35. (6,17) [8.2A] 36. (2,—-1) [8.3A] Nfs cess 3 |I92185] 


5 
38. y = [9.3A] 395 7x? [10:18] 40. 38V3a_ [10.2A] 41. V15 + 2V3 [10.3B] 42. 2 [10.4A] 


1+V5 1- V5 
7 and r 


value was $3000. [3.1D] 47. The markup rate is 65%. [3.2B] 48. An additional $6000 must be invested. [8.2B] 
49. The mixture costs $3 per pound. [3.6A] 50. The percent concentration of the acid in the mixture is 36%. [3.6B] 
51. In the first hour, the plane flew 215 km. [3.6C] 52. The measures of the angles are 50°, 60°, and 70°. [3.5C] 

53. The integer is 4 or —4. [11.5A] 54. The length is 10 m. The width is5 m. [5.5B] 55. Sixteen ounces of dye are 
required for 120 oz of base paint. [6.6B] 56. Working together, it would take them 0.6 h to prepare the dinner. [6.8A] 
57. The rate of the boat in calm water is 15 mph. The rate of the current is 5 mph. [8.4A] 58. The rate of the wind is 
25 mph. [11.5A] 59. 60. 








4 
43. —1 and = [11.1A] 44. [11.3A] 45. 2x + 3@ — 2),5%—6 |2.3B] 46. The original 

















[723] [11.4A] 





Or 
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c Glossary 


abscissa The first number in an ordered pair. It measures 
a horizontal distance and is also called the first coordi- 
nate. (Sec. 7.1) 


absolute value of a number The distance of the number 
from zero on the number line. (Sec. 1.1) 


acute angle An angle whose measure is between 0° and 
90°. (Sec. 3.5) 


addend In addition, a number being added. (Sec. 1.2) 


addition The process of finding the total of two numbers. 
(Sec. 1.2) 


addition method An algebraic method of finding an exact 
solution of a system of linear equations. (Sec. 8.3) 


additive inverses Numbers that are the same distance 
from zero on the number line, but on opposite sides; also 
called opposites. (Sec. 1.1, 2.2) 


adjacent angles Two angles that share a common side. 
(Sec. 3.5) 


alternate exterior angles Two angles that are on opposite 
sides of the transversal and outside the parallel lines. 
(Sec. 3.5) 


alternate interior angles Two angles that are on opposite 
sides of the transversal and between the parallel lines. 
(Sec. 3.5) 


analytic geometry Geometry in which a coordinate sys- 
tem is used to study the relationships between variables. 
(Sec. 7.1) 


arithmetic mean of values Average determined by calcu- 
lating the sum of the values and then dividing that result 
by the number of values. (Sec. 1.3) 


axes The two number lines that form a rectangular coordi- 
nate system; also called coordinate axes. (Sec. 7.1) 


base In exponential notation, the factor that is multiplied 
the number of times shown by the exponent. (Sec. 1.5) 


basic percent equation Percent times base equals 


amount. (Sec. 3.1) 
binomial A polynomial of two terms. (Sec. 4.1) 


clearing denominators Removing denominators from an 
equation that contains fractions by multiplying each side 
of the equation by the LCM of the denominators. 
(Sec. 3.2), 6.5) 


coefficient The number part of a variable term. (Sec. 2.1) 


combining like terms Using the Distributive Property to 
add the coefficients of like variable terms; adding like 
terms of a variable expression. (Sec. 2.2) 


complementary angles Two angles whose sum is 90°. 
(Sec. 3.5) 


completing the square Adding to a binomial the constant 
term that makes it a perfect-square trinomial. (Sec. 11.2) 


complex fraction A fraction whose numerator or denomi- 
nator contains one or more fractions. (Sec. 6.4) 


conjugates Binomial expressions that differ only in the 


sign of a term. The expressions a + b anda — b are con- 
jugates. (Sec. 10.3) 


consecutive even integers Even integers that follow one 
another in order. (Sec. 3.4) 


consecutive integers Integers that follow one another in 
order. (Sec. 3.4) 


consecutive odd integers Odd integers that follow one 
another in order. (Sec. 3.4) 


constant term A term that includes no variable part; also 
called a constant. (Sec. 2.1) 


coordinate axes The two number lines that form a rectan- 


gular coordinate system; also simply called axes. 
(Sec. 7.1) 


coordinates of a point The numbers in an ordered pair 
that is associated with a point. (Sec. 7.1) 


corresponding angles Two angles that are on the same 
side of the transversal and are both acute angles or are 
both obtuse angles. (Sec. 3.5) 


cost The price that a business pays for a product. (Sec. 3.2) 


decimal notation Notation in which a number consists of 
a whole-number part, a decimal point, and a decimal 
part. (Sec. 1.4) 


degree A unit used to measure angles. (Sec. 3.5) 


degree of a polynomial in one variable The largest expo- 
nent that appears on the variable. (Sec. 4.1) 


dependent system of equations A system of equations 
that has an infinite number of solutions. (Sec. 8.1) 


dependent variable In a function, the variable whose 
value depends on the value of another variable known as 
the independent variable. (Sec. 7.1) 


descending order The terms of a polynomial in one 
variable arranged so that the exponents on the vari- 
able decrease from left to right. The polynomial 
9x° — 2x4 + 7x3 + x? — 8x +1 is in descending order. 
(Sec. 4.1) 


discount The amount by which a retailer reduces the reg- 
ular price of a product for a promotional sale. (Sec. 3.2) 


discount rate The percent of the regular price that the dis- 
count represents. (Sec. 3.2) 


domain The set of first coordinates of the ordered pairs in 
a relation. (Sec. 7.1) 


element of a set One of the objects in a set. (Sec. 1.1, 9.1) 


empty set The set that contains no elements; also called 
the null set. (Sec. 9.1) 


equation A statement of the equality of two mathematical 
expressions. (Sec. 3.1) 


equilateral triangle A triangle in which all three sides are 
of equal length. (Sec. 3.5) 


equivalent equations Equations that have the same solu- 
tion. (Sec. 3.1) 


G2 Glossary 


evaluating a function Replacing x in f(x) with some value 
and then simplifying the numerical expression that 
results. (Sec. 7.1) 


evaluating a variable expression Replacing each variable 
by its value and then simplifying the resulting numerical 
expression. (Sec. 2.1) 


even integer An integer that is divisible by 2. (Sec. 3.4) 


exponent In exponential notation, the elevated number 
that indicates how many times the base occurs in the 
multiplication. (Sec. 1.5) 


exponential form The expression 2° is in exponential 
form. Compare factored form. (Sec. 1.5) 


factor In multiplication, a number being multiplied. 
(Sec. 1.3) 


factor a polynomial To write the polynomial as a product 
of other polynomials. (Sec. 5.1) 


factor a trinomial of the form x” + bx + c To express the 
trinomial as the product of two binomials. (Sec. 5.1) 


factored form The expression 2 - 2: 2 - 2 - 2 is in factored 
form. Compare exponential form. (Sec. 1.5) 


first coordinate The first number in an ordered pair. It 
measures a horizontal distance and is also called the 
abscissa. (Sec. 7.1) 


FOIL A method of finding the product of two binomials; 
the letters stand for First, Outer, Inner, and Last. (Sec. 4.3) 


formula A literal equation that states rules about measure- 
ments. (Sec. 6.7) 


function A relation in which no two ordered pairs that 


have the same first coordinate have different second coor- 


dinates. (Sec. 7.1) 


functional notation A function designated by f(x), which 
is the value of the function at x. (Sec. 7.1) 


graph of a relation The graph of the ordered pairs that 
belong to the relation. (Sec. 7.1) 


graph of an equation in two variables A graph of the 
ordered-pair solutions of the equation. (Sec. 7.2) 


graph of an integer A heavy dot directly above that num- 
ber on the number line. (Sec. 1.1) 


graph of an ordered pair The dot drawn at the coordi- 
nates of the point in the plane. (Sec. 7.1) 


graphing a point in the plane Placing a dot at the location 
given by the ordered pair; also called plotting a point in 
the plane. (Sec. 7.1) 


greater than A number a is greater than another number 
b, written a > b, if a is to the right of b on the number 
line. (Sec. 1.1) 


greater than or equal to The symbol = means “is greater 
than or equal to.” (Sec. 1.1) 


greatest common factor The greatest common factor 
(GCF) of two or more integers is the greatest integer that 
is a factor of all the integers. The greatest common factor 
of two or more monomials is the product of the GCF of 
the coefficients and the common variable factors. (Sec. 5.1) 


half-plane The solution set of an inequality in two vari- 
ables. (Sec. 9.4) 


hypotenuse In a right triangle, the side opposite the 90° 
angle. (Sec. 10.4) 


inconsistent system of equations A system of equations 
that has no solution. (Sec. 8.1) 


independent system of equations A system of equations 
that has one solution. (Sec. 8.1) 


independent variable In a function, the variable that 
varies independently and whose value determines the 
value of the dependent variable. (Sec. 7.1) 


inequality An expression that contains the symbol >, <, = 
(is greater than or equal to), or = (is less than or equal to). 
(Sec. 9.1) 

integers The numbers ... 
(Sec 1.1) 


intersection of sets A and B The set that contains the ele- 
ments that are common to both A and B. (Sec. 9.1) 


(e=80 Bop O ails, Qe yee 


irrational number The decimal representation of an irra- 
tional number never repeats or terminates and can only 
be approximated. (Sec. 1.4, 10.1) 


isosceles triangle A triangle that has two equal angles and 
two equal sides. (Sec. 3.5) 


least common denominator The smallest number that is 
a multiple of each denominator in question. (Sec. 1.4) 


least common multiple (LCM) The LCM of two or more 
numbers is the smallest number that contains the prime 
factorization of each number. The LCM of two or more 
polynomials is the polynomial of least degree that con- 
tains the factors of each polynomial. (Sec. 1.4, 6.2) 


less than A number a is less than another number b, writ- 
ten a <b, if a is to the left of b on the number line. 
(Sec. 1.1) 


less than or equal to The symbol = means “is less than or 
equal to”. (Sec. 1.1) 


like terms Terms of a variable expression that have the 
same variable part. (Sec. 2.2) 


line of best fit A line drawn to approximate data that are 
graphed as points in a coordinate system. (Sec. 7.4) 


linear equation in two variables An equation of the form 
y =mx +b, where m and b are constants; also called a 
linear function. (Sec. 7.2) 


linear function An equation of the form y = mx + b, 
where m and b are constants; also called a linear equation 
in two variables. (Sec. 7.2) 


linear model A first-degree equation that is used to 
describe a relationship between quantities. (Sec. 7.4) 


literal equation An equation that contains more than one 
variable. (Sec. 6.7) 


markdown The amount by which a retailer reduces the 


regular price of a product for a promotional sale. 
(Sec. 3.2) 


markup The difference between selling price and cost. 
(Sec. 3.2) 


markup rate The percent of retailer's cost that the markup 
represents. (Sec. 3.2) 


monomial A number, a variable, or a product of numbers 
and variables; a polynomial of one term. (Sec. 4.1) 
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multiplicative inverse of a number The reciprocal of a 
number. (Sec. 2.2) 


natural numbers The numbers 1, 2, 3, .... (Sec: 1.1) 


negative integers The numbers ..., —4, —3, —2, —1. 


(Sec. 1.1) 


negative slope A property of a line that slants downward 
to the right. (Sec. 7.3) 


nonfactorable over the integers A polynomial that does 
not factor using only integers. (Sec. 5.2) 





null set The set that contains no elements; also called the 
empty set. (Sec. 9.1) 


numerical coefficient The number part of a variable term. 
When the numerical coefficient is 1 or —1, the 1 is usually 
not written. (Sec. 2.1) 


obtuse angle An angle whose measure is between 90° and 
180°. (Sec. 3.5) 


odd integer An integer that is not divisible by 2. (Sec. 3.4) 


opposite of a polynomial The polynomial created when 
the sign of each term of the original polynomial is 
changed. (Sec. 4.1) 


opposites Numbers that are the same distance from zero 
on the number line, but on opposite sides; also called 
additive inverses. (Sec. 1.1) 


ordered pair Pair of numbers, such as (a, b) that can be 
used to identify a point in the plane determined by the 
axes of a rectangular coordinate system. (Sec. 7.1) 


Order of Operations Agreement A set of rules that tell us 
in what order to perform the operations that occur in a 
numerical expression. (Sec. 1.6) 


ordinate The second number in an ordered pair. It mea- 
sures a vertical distance and is also called the second 
coordinate. (Sec. 7.1) 


origin The point of intersection of the two coordinate axes 
that form a rectangular coordinate system. (Sec. 7.1) 


parabola The graph of a quadratic equation in two 
variables. (Sec. 11.4) 


parallel lines Lines that never meet; the distance between 
them is always the same. Parallel lines have the same 
slope. (Sec. 3.5, 7.3) 


percent Parts of 100. (Sec. 1.4) 
perfect square The square of an integer (Sec. 10.1) 


perfect-square trinomial A trinomial that is the square of 
a binomial. (Sec. 5.4) 


perimeter The distance around a plane geometric figure. 
(Sec. 3.5) 

perpendicular lines Intersecting lines that form right 
angles. (Sec. 3.5) 

plane Flat surface determined by the intersection of two 
lines. (Sec. 7.1) 

plotting a point in the plane Placing a dot at the location 
given by the ordered pair; also called graphing a point in 
the plane. (Sec. 7.1) 

point-slope formula If (x;,y;) is a point on a line with 
slope m, then y — y; = m(x — x), (Sec. 7.4) 

polynomial A variable expression in which the terms are 
monomials. (Sec. 4.1) 


Glossary G3 


positive integers The integers, 1, 2, 3, 4, .... (Sec. 1.1) 


positive slope A property of a line that slants upward to 
the right. (Sec. 7.3) 


prime polynomial A polynomial that is nonfactorable over 
the integers. (Sec. 5.2) 


principal square root The positive square root of a 
number. (Sec. 10.1) 


product In multiplication, the result of multiplying two 
numbers. (Sec. 1.3) 


proportion An equation that states the equality of two 
ratios or rates. (Sec. 6.6) 


Pythagorean Theorem The square of the hypotenuse of a 
right triangle is equal to the sum of the squares of the two 
legs. (Sec. 10.4) 


quadrant One of the four regions into which the two axes 
of a rectangular coordinate system divide the plane. 
(Sec. 7.1)) 


quadratic equation An equation of the form ax* + bx + 
c = 0, where a, b, and c are constants and a is not equal 
to zero; also called a second-degree equation. (Sec. 5.5, 
111) 


quadratic equation in two variables An equation of the 
form y = ax? + bx +c, where a is not equal to zero. 
(Sec. 11.4) 


quadratic function A quadratic function is given by 
fix) = ax? + bx + c, where a is not equal to zero. (Sec. 11.4) 


radical The symbol V__, which is used to indicate the pos- 
itive, or principal, square root of a number. (Sec. 10.1) 


radical equation An equation that contains a variable 
expression in a radicand. (Sec. 10.4) 


radicand In a radical expression, the expression under the 
radical sign. (Sec. 10.1) 


range The set of second coordinates of the ordered pairs in 
a relation. (Sec. 7.1) 


rate The quotient of two quantities that have different 
units. (Sec. 6.6) 


rate of work That part of a task that is completed in one 
unit of time. (Sec. 6.8) 


ratio The quotient of two quantities that have the same 
unit. (Sec. 6.6) 


rational expression A fraction in which the numerator or 
denominator is a polynomial. (Sec. 6.1) 


rational number A number that can be written in the form 
alb, where a and b are integers and b is not equal to zero. 
(Sec. 1.4) 


rationalizing the denominator The procedure used to 
remove a radical from the denominator of a fraction. 
(Sec. 10.3) 


real numbers The rational numbers and the irrational 
numbers. (Sec. 1.4) 


reciprocal Interchanging the numerator and denominator 
of a rational number yields that number's reciprocal. 
(Sec. 2.2, 6.1) 


rectangular coordinate system System formed by two 
number lines, one horizontal and one vertical, that inter- 
sect at the zero point of each line. (Sec. 7.1) 


G4 Glossary 


relation Any set of ordered pairs. (Sec. 7.1) 


repeating decimal Decimal that is formed when dividing 
the numerator of its fractional counterpart by the denom- 
inator results in a decimal part wherein a block of digits 
repeats infinitely. (Sec. 1.4) 


right angle An angle whose measure is 90 degrees. 
(Sec. 3.5) 


roster method Method of writing a set by enclosing a list 
of the elements in braces. (Sec. 1.1, 9.1) 


scatter diagram A graph of collected data as points in a 
coordinate system. (Sec. 7.4) 


scientific notation Notation in which each number is 
expressed as the product of two factors, one a number 
between 1 and 10 and the other a power of ten. (Sec. 4.4) 


second coordinate The second number in an ordered pair. 
It measures a vertical distance and is also called the 
ordinate. (Sec. 7.1) 


second-degree equation An equation of the form 
ax? + bx +c = 0, where a, b, andc are constants and a is 
not equal to zero; also called a quadratic equation. 
(Sec. 11.1) 


selling price The price for which a business sells a product 
to a customer. (Sec. 3.2) 


set A collection of objects. (Sec. 1.1, 9.1) 


set-builder notation A method of designating a set that 
makes use of a variable and a certain property that only 
elements of that set possess. (Sec. 9.1) 


similar objects Similar objects have the same shape but 
not necessarily the same size. (Sec. 6.6) 


simplest form of a fraction A fraction is in simplest form 
when there are no common factors in the numerator and 
the denominator. (Sec. 1.4) 


simplest form of a rational expression A rational expres- 
sion is in simplest form when the numerator and denom- 
inator have no common factors. (Sec. 6.1) 


slope The measure of the slant of a line. The symbol for 
slope is m. (Sec. 7.3) 


slope-intercept form The slope-intercept form of an equa- 
tion of a straight line is y = mx + b. (Sec. 7.3) 


solution of a system of equations in two variables An 
ordered pair that is a solution of each equation of the 
system. (Sec. 8.1) 


solution of an equation A number that, when substituted 
for the variable, results in a true equation. (Sec. 3.1) 


solution of an equation in two variables An ordered pair 
whose coordinates make the equation a true statement. 
(Sec. 7.1) 


solution set of an inequality A set of numbers, each ele- 
ment of which, when substituted for the variable, results 
in a true inequality. (Sec. 9.2) 


solving an equation Finding a solution of the equation. 
(Sec. 3.1) 


square root A square root of a positive number x is a num- 
ber a for which a? = x. (Sec. 10.1) 


N 


standard form A quadratic equation is in standard 
form when the polynomial is in descending order and 
equal to zero. ax? + bx +c =0 is in standard form. 


(Secu: 5. lie) 


straight angle An angle whose measure is 180 degrees. 
(Sec. 3.5) 


substitution method An algebraic method of finding an 
exact solution of a system of equations. (Sec. 8.2) 


sum In addition, the total of two or more numbers. 
(Sec. 1.2) 


supplementary angles Two angles whose sum is 180°. 
(Sec. 3.5) 


system of equations Equations that are considered 
together. (Sec. 8.1) 


terminating decimal Decimal that is formed when divid- 
ing the numerator of its fractional counterpart by the 
denominator results in a remainder of zero. (Sec. 1.4) 


terms of a variable expression The addends of the expres- 
sion. (Sec. 2.1) 


transversal A line intersecting two other lines at two dif- 
ferent points. (Sec. 3.5) 


triangle A three-sided closed figure. (Sec. 3.5) 
trinomial A polynomial of three terms. (Sec. 4.1) 
undefined slope A property of a vertical line. (Sec. 7.3) 


uniform motion The motion of a moving object whose 
speed and direction do not change. (Sec. 3.6, 6.8) 


union of sets A and B The set that contains all the ele- 
ments of A and all the elements of B. (Sec. 9.1) 


value of the variable The number assigned to the variable. 
(Sec. 2.1) 


variable A letter of the alphabet used to stand for a num- ~ 


ber that is unknown or that can change. (Sec. 1.1) 


variable expression An expression that contains one or 
more variables. (Sec. 2.1) 


variable part In a variable term, the variable or variables 
and their exponents. (Sec. 2.1) 


variable term A term composed of a numerical coefficient 
and a variable part. (Sec. 2.1) 


vertical angles Two angles that are on opposite sides of the 
intersection of two lines. (Sec. 3.5) 


x-coordinate The abscissa in an xy-coordinate system. 
(Sec. 7.1) 


x-intercept The point at which a graph crosses the x-axis. 
(Sec. 7.3, 11.4) 


xy-coordinate system A rectangular coordinate system in 
which the horizontal axis is labeled x and the vertical axis 
is labeled y. (Sec. 7.1) 


y-coordinate The ordinate in an xy-coordinate system. 
(Sec. 7.1) 


y-intercept The point at which a graph crosses the y-axis. 
(Sec. 7.3) 


zero slope A property of a horizontal line. (Sec. 7.3) 
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Abscissa, 317 
Absolute value, 5-6 
Absolute value function, 324 
Abundant number, 399 
Acute angle, 129 
Addend, 9 
Addition 
of additive inverses, 58 
Associative Property of, 57 
Commutative Property of, 58 
of decimals, 27 
Distributive Property, 57 
of integers, 9 
Inverse Property of, 58 
of polynomials, 165 
of radical expressions, 451 
of rational expressions, 269-270 
of rational numbers, 26-27 
verbal phrases for, 67 
Addition method of solving systems of 
equations, 387-389 
Addition Property of Equations, 88 
Addition Property of Inequalities, 417 
Addition Property of Zero, 58 
Additive inverse, 5, 58 
Adjacent angles, 130 
Algebraic fraction(s), see Rational 
expression(s) 
Algebraic symbolism, 478 
Al-Khwarisimi, 505-506 
Alternate exterior angles, 131 
Alternate interior angles, 131 
Analytic geometry, 317 
Angles, 129 
Application problems 
angles, 129-133 
area, 176 
average, 20, 434 
break-even point, 117, 296 
current or rate of wind, 393 
distance (rate, time), 145, 299, 499 
exchange rates, 35 
factoring, 239-240 
geometry, 127-133, 176, 500 
inequalities, 420, 426 
integers, 12, 20, 119-121, 239 
investment, 381 
levers, 114 
linear equations, 334 
line of best fit, 352 
markup and discount, 100-101 
mixture, 141, 143 
motion, 145, 299, 499 
moving average, 20 
percent, 30, 91-92 
percent mixture, 143 
perimeter, 127-128 
proportion, 286 
Pythagorean Theorem, 464 
quadratic equations, 239-240, 499, 
503 


radical equations, 464, 469 
rate of wind or current, 393 
rational numbers, 30 
slope, 341-342 
systems of equations, 381, 393-395 
translating into equations and 
solving, 121-122 
triangles, 133, 287-288, 464 
uniform motion, 145, 299, 499 
value mixture, 141 
work, 197, 500 
Archimedes, 410 
Area problems 176 
Arithmetic mean, 20, 434 
Associative Property of Addition, 57 
Associative Property of Multiplication 
59 
Average, 20, 434 
Axes, 317 


, 


Babylonian mathematics, 206, 444 
Base 
in exponential expression, 37 
in percent equation, 91 
Basic percent equation, 91 
Binomial factors, 209 
Binomial(s), 165 
multiplication of, 174-175 
square of a, 175, 229, 482, 485 
Break-even point, 117, 296 


Calculators 
graphing linear equations with, 358 
graphing quadratic equations with, 
50 
plus/minus key, 44 
polynomial evaluation, 246 
solving systems of equations with, 
400-402 
Chapter Review, 47, 79, 157, 199, 249, 
309, 361, 403, 437, 471, 507 
Chapter Summary, 45, 78, 155, 197, 
248, 308, 360, 402, 436, 470, 506 
Chapter Test, 49,81, 159) 201; 251, 
311, 363, 405, 439, 473, 509 
Circle, area of, 176 
Circumference of Earth, 256 
Clearing denominators, 99, 281 
Coefficient, 53 
Combining like terms, 57 
Common denominator, 26 
least common multiple, 26 
Common factor, 207 
Commutative Property of Addition, 58 
Commutative Property of 
Multiplication, 59 
Complementary angles, 129 
Completing the square, 485 
geometric method, 505-506 
quadratic formula derivation, 491 


solving quadratic equations by, 
485-486 
Complex fraction, 277 
Composite number, 77 
Conditional equation, 126 
Conjugate, 455 
Consecutive integers, 119 
Constant, 53 
Constant term, 53 
of a perfect-square trinomial, 485 
Contradiction, 126 
Coordinate axes, 317 
Coordinates, 317 
Coordinate system, rectangular, 317 
Corresponding angles, 131 
Cost, 100 
Counterexamples, 357 
Cryptology, 86 
Cube, of a variable, 67 
Cumulative Review, 83, 161, 203, 251, 
313, 365, 407, 441, 475, 50 
Current or rate-of-wind problems, 393 


Decimal(s), 24 
and fractions, 24 
operations on, 27, 28-29 
and percent, 25 
repeating, 24 
representing irrational numbers, 24 
representing rational numbers, 24 
and scientific notation, 186 
terminating, 24 
Deductive reasoning, 467 
Deficient number, 399 
Degree, 129 
of a polynomial, 165 
Denominator(s) 
clearing, 99, 281 
common, 26 
least common multiple of, 26, 265 
of rational expressions, 257 
rationalization of, 457-458 
Dependent system, 370, 371 
Dependent variable, 324 
Descartes, Rene, 317, 478 
Descending order, 165 
Difference of two squares, 229 
Dimensional analysis, 195 
Discount, 103 
Discount rate, 103 
Distance-rate problems, 145, 299, 499 
Distributive Property, 57 
FOIL method, 174 
use in simplifying expressions, 57, 
60-61, 62, 451 
use in solving equations, 112 
use in solving inequalities, 425 
Division 
of decimals, 28-29 
exponential expressions and, 181-185 
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of integers, 18-19 
of monomials, 181-185 
one and, 19 
of polynomials, 191-192 
of radical expressions, 456-458 
of rational expressions, 260 
of rational numbers, 28-29 
and reciprocals, 28, 260 
verbal phrases for, 67 
zero and, 19 

Domain, 321 


Egyptian mathematics, 2, 164 
Element of a set, 3, 411 
symbol for, 4 
Empty set, 411 
Equals, phrases for, 119 
Equation(s), 87 
Addition Property of, 88 
basic percent, 91 
conditional, 126 
dependent, 370, 371 
equivalent, 88 
formulas, see Formula(s) 
fractional, 281 
graphs of, see Graph(s) 
identity, 126 
inconsistent, 370 
independent, 370 
linear, see Linear equations 
literal, 293 
Multiplication Property of, 89 
of parabola, 495 
containing parentheses, 112 
quadratic, see Quadratic equation(s) 
radical, 461-462 
rational, 281 
second-degree, 479 
solution of, 87, 319 
solving, see Solving equations 
squaring both sides of, 461 
systems, see Systems of equations 
translating into, from sentences, 
121-122 
in two variables, 319, 329-333 
Equilateral triangle, 127 
Equivalent equations, 88 
Eratosthenes, 76, 256 
Evaluating expressions 
absolute value, 5-6 
exponential, 37, 182, 183 
variable, 54 
Evaluating functions, 324, 498 
Even integer, 119 
Exponent(s), 37 
base of, 37 
in division, 181-185 
integers as, 181-185 
in multiplication, 169 
negative, 182 
of perfect squares, 445 
raising a power to a power, 170 
rules of, 184 
zero as, 181 


Exponential expression(s), 37 
division of, 181-185 
evaluating, 37 
factored form of, 37 
multiplication of, 169 
as repeated multiplication, 37 
simplifying, 170 

Exponential form, 37 

Expression, 53 

Exterior angle of a triangle, 133 


Factor, 17 
binomial, 209 
common binomial, 209 
common, 207 
greatest common, 207 
Factored form of an exponential 
expression, 37 
Factoring 
applications of, 239-240 
common binomial factor, 209 
common factors, 207-208 
completely, 215-216, 231 
difference of two squares, 229 
by grouping, 209, 223-224 
perfect square trinomial, 229-230 
solving equations by, 237-238, 
479-480 
tomomials, 2132 116) 22 11224 
Final exam, 471 
Focus on Problem Solving, 43, 75, 151, 
195, 245, 305, 357, 399, 433, 467, 
503 
FOIL method, 174 
Formula(s), 293 
discount, 103 
for distance (rate, time), 145, 299 
lever system, 114 
markdown, 103 
markup, 100 
point-slope, 350 
quadratic, 491 
simple interest, 381 
slope, 340 
two-point, 356 
Fraction(s), 23 
addition and subtraction of, 26-27 
algebraic, see Rational expression(s) 
ancient Egyptian, 2 
complex, 277 
and decimals, 24 
expressing in terms of a common 
denominator, 266 
negative exponents on, 183 
multiplication and division of, 
28-29, 258-260 
and percent, 25 
reciprocal of, 28, 59, 260 
simplifying, 23, 257 
Fractional equations, 281 
Function(s), 321-322 
linear, 329 
quadratic, 495 
Functional notation, 324 


Geometric proofs, 206 
Geometry problems, 127-133, 176, 500 
Go Figure, 2, 52, 86, 164, 206, 256, 
316, 368, 410, 444, 478 
Graph(s) 
applications of, 334, 341-342, 433 
of functions, 322, 495 
of horizontal line, 332 
of inequalities, 413-414, 429 
of integers, 3 
of linear equation in two variables, 
329-333, 339-344 
of linear functions, 329-330 
of motion, 359 
of ordered pair, 317-318 
of parabolas, 495-496 
of polynomial functions, 504 
of quadratic equations, 495-496, 504 
of relations, 321 
of systems of linear equations, 
370-371 
of vertical line, 332 
using x- and y-intercepts, 339 
Graphing calculator, 358, 401-402, 
504, 505 
Greater than, 4 
Greater than or equal to, 4, 413 
Greatest common factor (GCF), 207 
Grouping, factoring by, 209, 223-224 
Grouping symbols, 38 


Half plane, 429 
Horizontal axis, 319 
Horizontal line, 332 
Hypotenuse, 463 


Identity, 126 
Illumination intensity, 306 
Inconsistent system, 370 
Independent system, 370 
Independent variable, 324 
Inductive reasoning, 43 
Inequality(ies) 
Addition Property of, 417 
applications of, 483, 426 
graphing, 413-414, 429 
with integers, 4 
Multiplication Property of, 419 
parentheses in, 425 
solution set of, 417 
solving, see Solving inequalities in 
two variables, 429 
Inequality symbols, 4, 413 
Input-output analysis, 368 
Integer(s), 3 
addition of, 9-10 
consecutive, 119 
division of, 18-19 
as exponents, 181-185 
multiplication of, 17-18 
negative, 3 
positive, 3 
subtraction of, 10-11 


Copyright © Houghton Mifflin Company. All rights reserved. 





Copyright © Houghton Mifflin Company. All rights reserved. 


Intercepts 

graphing using, 339 

of a parabola, 498 

x- and y-, 339 
Interest, 381 
Interest rate, 381 
Interior angle of a triangle, 131 
Intersection 

point of, 370 

of sets, 411, 414 
Inverse 

additive, 5, 58 

multiplicative, 59 
Inverse Property of Addition, 58 
Inverse Property of Multiplication, 59 
Investment problems, 381 
Irrational number, 24, 445 
Isosceles triangle, 127 


Least common denominator. 27 
Least common multiple (LCM), 26, 265 
Legs of a right triangle, 463 
Leontief, Wassily, 368 
Less than, 4 
Less than or equal to, 4, 413 
Lever problems, 114 
Like terms, 57 
Linear equation(s), 329 
applications of, 334, 341-342, 352 
graphing, 329-333, 339-344 
slope, 340 
slope-intercept form, 343 
solution of, 319 
systems of, see Systems of Equations 
in two variables, 329 
writing given the slope and a point 
on the line, 349-350 
writing, given two points, 350-351, 
354 
x- and y-intercepts of, 339 
Linear function, 329 
Linear inequality, 429 
Linear model, 352 
Line of best fit, 352 
Lines 
equations of, see Linear equations 
horizontal, 341 
parallel, 130 
perpendicular, 130 
slope of , 340 
vertical, 341 
literal equation, 293 
Lumen, 306 


Magic square, 316 
Markdown, 103 
Markup, 100 
Markup rate, 100 
Mean, 20, 434 
Mixture problems 
percent mixture, 143 
value mixture, 141 
Monomial(s), 165 
products of, 169 


quotients of, 181-185 
simplifying powers of, 170 
Motion problems, 145, 299, 499 
graphs of, 359 
Moving average, 20, 44 
Multiple, least common, 26 
Multiplication 
Associative Property of, 59 
of binomials, 174-175 
Commutative Property of, 59 
of decimals, 28 
Distributive Property, 57 
of exponential expressions, 169 
FOIL method, 175 
of integers, 17-18 
Inverse Property of, 59 
of monomials, 169, 170 
by one, 59 
of polynomials, 173-175 
of radical expressions, 43 
of rational expressions, 258-259 
of rational numbers, 28 
verbal phrases for, 67 
by zero, 237 
Multiplication Property of Equations, 
89 
Multiplication Property of Inequalities, 
419 
Multiplication Property of One, 59 
Multiplication Property of Zero, 237 
Multiplicative inverse, 59 


Natural number, 3 
Negative exponent, 182 
Negative integer, 3 
Negation, 305 
Negative square root, 446 
Nielsen ratings, 154-155 
Nonfactorable over the integers, 214 
Null set, 411 
Number line, 3 
Number(s) 
absolute value of, 5-6 
abundant, 399 
composite, 77 
deficient, 399 
integers, 3 
irrational, 24, 445 
natural, 3 
perfect, 2 10, 399 
prime, 76 
rational, 23 
real, 24 
Numerical coefficient, 53 








Obtuse angle, 129 
Odd integer, 117 
One 
in division, 10 
Multiplication Property of, 59 
Opposite, 5, 58 
of a polynomial, 166 
Ordered pair, 315 
Order of Operations Agreement, 38-39 
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Ordinate, 315 
Origin, 317 


Parabola, 495 
Parallel lines, 130 
Pascal's triangle, 197 
Percent, 25 
Percent equation, 91 
Percent mixture problems, 143 
Perfect number, 210, 399 
Perfect square, 445 
Perfect-square trinomial, 229, 485 
Perimeter, 127-128 
Perpendicular lines, 130 
Pi, 410 
Plane, 317 
Plot an ordered pair, 317 
Point-slope formula, 350 
Polynomial(s), 165 
addition and subtraction of, 165, 166 
degree of, 165 
division of, 191-192 
factoring, see Factoring 
functions, graphing, 504 
greatest common factor of the terms 
of, 207 
least common multiple of, 265 
multiplication of, 173-175 
nonfactorable over the integers, 214 
prime, 214 
Positive integer, 3 
Power(s) 
of exponential expressions, 170 
of products, 170 
of quotients, 181 
simplifying, 170 
verbal phrases for, 37, 67 
Premise, 305 
Prep Test, 2, 52, 86, 164, 206, 256, 316, 
368, 410, 444, 478 
Prime number. 76 
Prime polynomial, 214 
Principal, 381 
Principal square root, 445 
Principle of Zero Products, 237, 47 
Product Property of Square Roots, 445 
Product(s), 17 
expressing trinomials as, 213-216, 
221-224 
of multiplicative inverses, 59 
of radical expressions, 455 
simplifying powers of, 170 
of the square of a binomial, 175 
of the sum and difference of two 
terms, 175 
of two binomials, 174-175 
of two rational expressions, 258-259 
Projects and Group Activities, 44, 76, 
154, 197, 246, 306, 358, 400, 434, 
468, 504 
Property(ies) 
Associative 
of Addition, 57 
of Multiplication, 59 
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Commutative 

of Addition, 58 

of Multiplication, 59 
Distributive, 57 
in division, 19 
of Equations 

Addition, 88 

Multiplication, 89 
of Inequalities 

of Addition, 417 

of Multiplication, 419 
Inverse, of Addition, 58 
Inverse, of Multiplication, 59 
of One, Multiplication, 59 
Product, of Square Roots, 445 
Quotient, of Square Roots, 456 
Square Root, of an Equality, 481 
of Squaring Both Sides of an 

Equation, 461 
of Zero, 58, 237 

Proportion, 285 
applications of, 286 
Pythagorean Theorem, 463 


Quadrant, 317 
Quadratic equation(s), 237, 479 
applications of, 239-240 
approximating solutions of by 
graphing, 504 
graphing, 495-496 
solving 
by completing the square, 485-486 
by factoring, 237-238, 479-480 
by quadratic formula, 491—492 
by taking square roots, 481—482 
standard form, 237, 479 
Quadratic formula, 491 
Quadratic function, 495 
Quantifier, 305 
Quotient Property of Square Roots, 
456 


Radical, 445 
Radical equation, 461 
Radical expression(s) 
addition and subtraction of, 451 
applications of, 464, 469 
division of, 456-458 
multiplication of, 455 
radicand of, 445 
rationalizing denominators of, 
457-458 
simplest form of, 445 
simplifying, 445-448 
Radicand, 445 
Range, 321 
Rate 
interest, 381 
markdown, 103 
markup, 100 
motion problems, 145, 299, 499 
in proportions, 285 
in work problems, 297 
Rate-of-wind or current problems, 393 


Ratio, 285 
Rational expression(s), 257 
addition and subtraction of, 269-270 
expressing in terms of a common 
denominator, 266 
multiplication and division of, 
258-260 
simplifying, 257 
solving equations containing, 281 
Rationalizing a denominator, 457-458 
Rational number(s), 23 
addition and subtraction of, 26-27 
decimal notation for, 24 
multiplication and division of, 28-29 
Real number(s), 24 
Properties of, 57-59 
Reciprocal(s), 28, 59, 260 
and division, 28, 260 
of rational expressions, 260 
Rectangle 
area of, 176 
perimeter of, 127 
Rectangular coordinate system, 317 
Relation, 321 
Repeating decimal, 24 
Rhind papyrus, 2, 164, 410 
Right angle, 129 
Right triangle, 463 
Roster method, 3, 411 
Rule for Dividing Exponential 
Expressions, 183 
Rule for Multiplying Exponential 
Expressions, 169 
Rule of Negative Exponents on 
Fractional Expressions, 183 
Rule for Simplifying Powers of 
Exponential Expressions, 170 
Rule for Simplifying Powers of 
Products, 170 
Rule for Simplifying Powers of 
Quotients, 183 
Rules of exponents, 184 


Scatter diagrams, 352 
Scientific notation, 186 
Second-degree equation, 479 
Selling price, 100 
Set(s), 3 

element of, 3, 411 

empty, 411 

intersection of, 411, 414 

null, 411 

of ordered pairs, 321 

solution, 417 

union of, 411, 413 

writing using roster method, 3 

using set-builder notation, 412 
Set-builder notation, 412 
Sieve of Eratosthenes, 76 
Similar objects, 286 
Similar triangles, 286-288 
Simple interest, 381 
Simplest form 

of an exponential expression, 182 


of a fraction, 23 
of a radical expression, 445, 447, 457 
of a rate, 285 
of a ratio, 285 
of a rational expression, 257 
Simplifying 
exponential expressions, 169, 170, 
181-185 
fractions, 23 
radical expressions, 445-448, 
455-458 
rational expressions, 257 
variable expressions, 559-62 
Slope-intercept form of linear 
equation, 343 
Slope of a line, 340 
applications of, 341-342 
formula for, 340 
of horizontal line, 341 
of parallel lines, 130 
of vertical line, 341 
Solution(s) 
of equations, 87, 319 
of inequalities, see Solution set of an 
inequality 
of quadratic equations, see Quadratic 
equation(s) 
of system of equations, 369 
approximations of, 401-402 
Solution set of an inequality, 417 
Solving equations 
using the Addition Property, 88-89, 
Se ieslil 
by factoring, 237-238, 479-480 
first-degree, 88-90, 99, 111-112 
using formulas, 100-103, 114 
fractional, 281 
literal, 293 
using the Multiplication Property, 
89-90, 99, 111 
containing parentheses, 112 
proportions, 285 
quadratic, see Quadratic equation(s) 
containing radical expressions, 
461-462 
rational, 281 
systems of, see Systems of equations 
Solving inequalities 
using the Addition Property, 
417-418, 425 
applications of, 420 
using the Multiplication Property, 
418-419, 425 
containing parentheses, 425 
Solving proportions, 285 
Square, 127 
of a binomial, 175, 229 
of an integer, 445 
perfect, trinomial, 229 
perimeter of, 127 
of a variable, 67 
Square root(s), 445 
of negative numbers, 446 
of a perfect square, 445 
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principal, 445 
taking, in solving equations, 
481-482 
Square Root Property of an Equality, 
481 
Standard deviation, 434-435 
Standard form of a quadratic equation, 
237, 479 
Straight angle, 129 
Substitution method for solving 
systems of equations, 375-579 
Subtraction of decimals, 27 
of integers, 10-11 
of polynomials, 166 
of radical expressions, 451 
of rational expressions, 269-270 
of rational numbers, 26-27 
verbal phrases for, 67 
Sum, 9 
Sum and difference of two terms, 175, 
229 
Supplementary angles, 129 
Symbols 
is an element of, 4 
is greater than, 4 
is greater than or equal to, 4, 413 
is less than, 4 
is less than or equal to, 4, 413 
is not equal to, 19 
Systems of equations, 369 
applications of, 381, 393-395 
dependent, 370, 371 
inconsistent, 370 
independent, 370 
solution of, 369 
solving by addition method, 387-389 
using a calculator, 400-402 


by graphing, 370-371 
by substitution method, 377-379 


Terminating decimal, 24 
Term(s), 53 
coefficient of, 53 
combining like, 57 
constant, 53 
like, 57 
Transversal, 131 
Translating sentences into equations, 
121-122 
Translating verbal expressions into 
variable expressions, 67—70 
Trial and error, 153 
Triangle(s), 133 
equilateral, 127 
exterior angle of, 133 
interior angle of, 133 
isosceles, 127 
perimeter of, 127 
right, 463 
similar, 286-288 
Trinomial, 165 
factoring, 213-216, 221-224 
perfect-square, 229, 485 
Two-point formula, 356 


Uniform motion problems, 143, 299, 
499 

Union, of sets, 411, 413 

Unit fraction, 2 


Value of a function, 324 
Value mixture problems, 141 
Variable, 4, 53 

dependent, 324 


Index 15 


independent, 324 
Variable expression(s), 53 
evaluating, 54 
like terms of, 57 
simplifying, 57-62 
translating into, from verbal 
expressions, 67—70 
Variable part of a variable term, 53 
Variable term, 53 
Verbal expressions, translating into 
variable expressions, 67—70 
Vertical angles, 130 
Vertical axis, 319 
Vertical line, 332 


Work problems, 297, 500 


x-axis, 319 

x-coordinate, 319 
x-intercept, 339, 498 
xy-coordinate system, 319 


y-axis, 319 
y-coordinate, 319 
y-intercept, 339 


Zero(s) 
absolute value of, 6 
Addition Property of, 58 
in the denominator of a rational 
expression, 257 
division and, 19 
as an exponent, 181 
as an integer, 3 
Multiplication Property of, 237 
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Table of Equations and Formulas 





Slope of a straight line 





Slope = m =2—!_ x, # x, 
LS Ey 


Point-Slope formula 


=F = me = X;) 


Perimeter and Area of a Triangle, and 
Sum of the Measures of the Angles 


B P=a+be¢+c 
se it 
A= bh 


A+ BEE = 180° 





Perimeter and Area of a Rectangle 
Pa 2 WV 
WwW A=LW 


Circumference and Area of a Circle 
C= 2771 or 6 —7d 


A= nr’ 


Volume of a Rectangular Solid 


V = LWH 





Volume of a Sphere 


ieee r? 
mage, a 


Slope-intercept form of a straight line 


y=mx+b 


Quadratic Formula 


—b + Vb? — 4ac 
2a 


x= 





Pythagorean Theorem 


c a bee 


Perimeter and Area of a Square 
P= 4s 
a aes 


Volume of a Cube 





Volume of a Right Circular Cylinder 


ae V=arh 
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